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PREFACE 


The  journal  abbreviations  used  in  this  disser- 
tation are  the  official  abbreviations  as  used  in 
"Chemical  Abstracts"  and  in  Abstracts  of  the  Journal 
of  the  Chemical  Society,    The  manner  of  listing  refer- 
ences is  the  customary  one  used  for  technical  works  in 
organic  chemistry.    The  material  contained  in  this  work 
is  presented  in  a  manner  similar  to  that  used  for  the 
articles  in  "Chemical  Reviews", 

In  conformity  with  present  usage  in  research  caa- 
municatlons,  all  temperatures  are  of  the  centigrade 
scale,  the  centigrade  symbol  is  therefore  omitted. 

The  melting  points  are  open  capillary  melting 
points,  unless  indicated  "(closed)".    All  melting  points 
have  been  corrected  so  the  melting  points  are  given  with- 
out the  customary  indication  "(corr.)".    The  boiling 
points  are  given  as  the  corrected  boiling  points  for  atmos- 
pheric pressures  \mless  accompanied  by  a  symbol  designating 
pressures  other  than  atmospheric. 

The  thermometers  used  for  obtaining  the  melting 
points  and  boiling  points  were  calibrated  against  a  set 
of  thermometers  standardized  by  the  Bureau  of  Standards, 
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INTRODUCTION 


The  studies  of  the  synthesis  of  piperazine  and 
pyrazine  have  been  carried  out  as  a  continuation  of  pre- 
vious studies  by  Kitchen  (124)  and  Goulding  (104). 

The  previous  works  have  dealt  aliaost  entirely  with 
batch  processes  which  necessarily  limited  the  quantity  of 
material  raade  arid  greatly  increased  potential  costs  of  the 
finished  product.    Kitchen  (124)  and  Goulding  (104)  showed 
that  piperazine  could  be  made  in  liquid  phase  by  the  dehy- 
dration of  N-(B-hydroxy ethyl )ethene  diamine.    Goulding  (104) 
has  also  shown  that  pyrazine  could  be  prepared  by  treating 
piperazine  with  nitrobenzene  In  liquid  phase.    Since  these 
attempts  were  batch  processes,  the  present  work  was  insti- 
gated to  find  a  continuous  process  using  the  same  starting 
material,  N-(B-h(ydroxyethyl)ethene  diamine,  to  prepare 
piperazine  and  pyrazine. 

In  order  to  obtain  a  continuous  process,  it  was 
thought  that  a  catalytic  vapor-phase  reaction  would  be  the 
ideal  way  to  obtain  piperazine  and  pyrazine  simultaneously 
from  N-(B-hydroxyethyl)ethene  diamine.    This  was  accomplish- 
ed by  designing  and  constructing  apparatus  that  would  allow 
controlled  heating  of  the  catalytic  mass  and  allow  rigid 
control  of  the  flow  of  vapor  over  the  catalytic  mass. 

A  systematic  outline  of  procedures  was  followed  in 


working  with  eight  different  catalysts.    The  tempera- 
tures Investigated  were  200  ,  300  ,  and  400*  at  50  mm, 
pressure.    For  each  temperature,  three  experiments  were 
rvui,  by  holding  all  but  one  variable  constant.  This 
variable  was  usually  space  velocity.    When  a  catalyst 
showed  that  It  could  be  heated  to  400    without  decom- 
posing the  vapor  at  50  mm.  pressure,  other  variables 
were  Introduced.    One  catalyst  showed  promising  results 
and  several  other  pressures  were  investigated. 

The  mechanics  of  the  present  work  is  the  simultane- 
ous removal  of  water  and  hydrogen  by  passing  N-(B-hydroxy- 
ethyDethene  diamine  vapor  through  a  tube  containing  a  hot 
catalyst.    In  this  process,  there  was  always  obtained  small 
quantities  of  one  or  more  of  the  following  products;  pipera- 
zine,  pyraJiine,  ethylene  diamine,  ethanol  amine,  ethanol, 
acetaldehyde,  dlathylamine  and  ethylamine.    Some  of  the  pro- 
ducts; ethylene  diamine,  ethanol  amine,  acetaldehyde,  diethy- 
lamine,  se«n  to  be  products  of  molecular  fission  while  others; 
plperazine  and  pyrazlne  appear  to  be  due  to  molecular  re- 
arrangement. 

N-(B-hydroxyethyl)ethene  diamine  was  previously  synthe- 
sized by  Knorr  and  Brownsden  (126).     It  is    one  of  the  simples 
of  the  amine  alcohols  and  is  available  in  ccamnercial  quantitie 
as  a  by-product  in  the  manufacture  of  polyethylene  polyamines. 
This  material,  which  was  used  as  the  primary  starting  material 
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In  the  present  synthesis,  was  obtained  tram  Carbide  and 
Carbon  Chemical  Corporation. 

The  physical  properties  and  characteristics  of  some 
derivatives  of  N-(B-hydroxyetliyl)ethene  diamine  have  been 
suramarized  (124)  and  are  presented  here  because  the  physi- 
cal properties  are  not  generally  known,  in  spite  of  the 
fact  that  it  is  a  commercial  product.    The  derivatives 
of  N-(B-hydroxyethyl)ethene  diamine  are  essential  for  its 
recovery  and  identification  from  the  residues  in  the  syn- 
thesis of  piperazine  and  pyrazlne. 

Summary  of  Properties  of  Derivatives 
of  N-{B-hydroxyethyl)ethene  diamine 
Plcrate:  M.p.  224  (dec)  (124) 

Dlhydrochlorlde:    M.p.  114.3  -115.2**  (124) 
Chloroplatlnate:    M.p.  249  (dec.)  (126) 
Phenylthiourea:      M.p,  131  -132* 
Physical  state:      Light  yellow  hydroscopic  liquid 

of  medium  viscosity  of  mildly 
ammonical  odor  (42) 
Emperical  f ormula:  C4H]^2^2^ 

Structural  f omxulaxHOCHg  -CHg-NH-CHg-Cfig-NHg 
Molecular  weight:  104.15 

o  o 

Boiling  points:      238  -240  at  752  mm,  (  42) 

123*  at    10  mm,  (124) 

118.5**  at      7  mm,  (124) 


3, 


o 

Boiling  points:  115.3       at  6.2  zm* 

Density:                           d  g  1.0280-1.0330  (  42) 

d  |5  1.0254  (124) 

Refractive  index:           n  §5  1.4851  (124) 

n  §S  1.4843  (104) 

Molecular  refraction:    Mr  §5  29.127  (104) 
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A.    SYNTHESIS  OP  PYRAZINB 


!•    Review  of  Literature 

There  appears  to  be  some  question  as  to  the  discover- 
er of  the  pyrazlne  base,    Gutknecht  (107)  discovered  the 
tetraiaethyl  pyrazine  derivative  but  was  unable  to  convert 
it  into  the  true  base.    Several  other  derivatives  of  the 
base  were  investigated  by  Treadwell  (218)  and  by  Treadwell 
and  Steiger  (204).    Similarly  they  were  unable  to  obtain  the 
pure  base  and  Mason  (139)  was  the  first  to  suggest  the  name 
"Pyrazine"  and  to  show  the  possible  method  of  obtaining  the 
true  base.    Mason  Insisted  on  this  nomenclature  in  opposition 
to  Victor  Meyer  (139)  who  advanced  the  name  "Ketine". 

Shortly  after  the  discovery  of  tetrameti^l  pyrazine  in 
1879,  several  articles  appeared  in  the  literature  describing 
the  physical  characteristics  of  pyrazine.    Stoehr  and  co- 
workers (206,  207)  and  Wolff  and  co-workers  (239)  were  the 
main  contributors  of  this  information. 

Tanret  (215)  was  probably  the  first  to  isolate  the 
true  base  but  due  to  its  great  affinity  for  carbon  dioxide, 
the  pyrazine  base  was  isolated  as  the  carbonate  and  was  re- 
ported as  ammonium  carbonate.    Tanret 's  experiments  were  re- 
peated by  Brandos  and  Stoehr  (29)  and  the  true  base  was  is- 
olated for  the  first  time  in  1896.    Tanret,  Brandos  and 
Stoehr  (29)  found  that  pyrazine  could  be  obtained  by  reacting 


glucose  with  ten  parts  of  twenty-five  per-cent  ammonia  for 
thirty-five  hours  at  100^  and  then  distilling  the  base  from 
a  strong  alkaline  solution. 

Wolff  (237,  203)  was  the  first  to  give  a  definite  pro- 
cedure  for  the  preparation  of  the  true  base.    This  was  acccHa- 
plished  by  the  slow  distillation  of  pyrazine  dicarboxylic 
acid,    Wolff  (238,  239),  also,  fou^that  by  heating  amino 
acetaldeliyde  with  oxalic  acid  that  a  twenty  per-cent  yield 
of  pyrazine  could  be  obtained, 

HH  NH  N 


Wolff  found  that  amino  acetaldehyde  could  be  oxidized  with 
bichloride  of  mercury  to  give  a  yield  of  twenty  per-cent 
pyrazine  but  the  base  had  to  be  steam  distilled  frcxa  the 
aqueous  mixture  and  a  large  quantity  of  the  solvent  evapor- 
ated to  obtain  the  pyrazine  base.    The  base,  pyrazine,  was 
then  removed  frcaa  tiie  concentrated  solution  by  making  the 
mercury  salt  of  it,  and  then  redistilling  the  pyrazine  from 
a  mixture  of  concentrated  potassium  carbonate  and  the  mer- 
cviry  salt  of  the  pyrazine  base.    This  procedure  is  long, 
tedious,  and  expensive  wnich  renders  it  unprofitable  for 
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eooBierclal  purposea*    The  pure  base  was  obtaioed  aa  an 
oil  wnlch  soon  solldiried  to  white  needles. 

Stoehr  (205)  prepared  pyraaine  by  distilling  plpera- 
sine,  or  its  l^drochloride,  with  sino  dust.    In  this  proeed- 
ure^  the  yield  was  only  about  ten  per-cent  and  the  product 
obtained  did  not  have  the  proper  physical  characteristics 
for  pyrazine*    He  probably  obtained  a  mixture  of  pyrasine, 
piperazine  and  sotae  partially  dehydrogenated  piperazine. 
A  large  number  of  aethyl  substituted  pyrasines  and  pyrasoio 
acids  were  also  characterised  in  this  work. 

Stoehr  (20C»  207,  f^ld)  followed  the  probable  procedure 
as  px^icted  by  Mason  (139)  and  obtained  pyrazlne  by  first 
oxidizing  the  dimethyl  p^azine  to  the  dicaiHaoxylic  dcriyative 
of  pyrazine  and  then  heating  the  acid  in  glacial  acetic  aoid 
at  200^.    Prora  this  he  obtained  a  crystalline,  colorless  prism 
that  aelted  at  47°  and  had  a  boiling  point  of  118  at  768.4  m. 
pressure.    Stoehr  was  the  first  to  publish  the  true  physical 
constants  of  the  pyrasine  base.    The  source  of  diaethyl  pyra- 
zine  was  obtained  by  heatine  a  mixture  of  amonicial  salts 
with  glycerol  that  was  later  added  to  acetaldeliyde. 

Bruhl  (33)  »ade  a  large  moiber  of  observations  on  the 
refraction  and  dispersion  of  nitrogen  c<Mipounda.    The  eta*- 
pounds  examined  in  solutions  of  etlianol,  etliylacetate,  ethyl 
ether,  and  carbon  disulfide.    The  molecular  rerraetion,  for 
the  sodium  line,  and  the  dispersion,  'Or  -  lia,  were  calculated 
according  to  Lorenze*s  formula.    Tutin  (220)  exsained  the 


obsorptlon  spectra  for  many  substituted  pyrazine  bases 
as  well  as  for  the  salts  of  the  pyrazolc  acids.  Schomaker 
and  co-workers  (190)  investigated  the  electron  diffraction 
of  nitrogen  compounds.    He  determined  the  interatomic  dis- 
tances and  bond  angles  between  the  atoms.     It  was  found  in 
pyridine  and  pyrazine,  that  the  C-N  bond  distance  is  great- 
er than  expected  for  Kekule  resonance.    By  considering  elec- 
tron diffraction,  electrical  dipole  moment,  resonance  energies, 
chemical  activity  and  simple  theoretical  considerations,  he 
concluded  tiiat  pyrazine  is  more  stable  than  pyridine.  The 
work  of  3ruhl  and  Schomaker  confirms  the  work  and  conclusions 
which  were  derived  by  Tutin. 

The  relation  between  dipole  moment  and  cohesion  w&s 
studied  by  van  Arkel  (227).    He  studied  2,  5-dimethyl  pyrazine 
and  Its  picrate  derivative.    Van  ^rkel  found  that  in  unsat- 

i 

urated  coi.tpounds  the  boiling  point  is  effected  in  the  same 
way  by  the  kind  and  position  of  tiie  substituent  groups  as  in 
saturated  compounds.    However,  in  the  transition  of  an  alkyl 
group  from  an  aliphatic  union  to  an  iinsaturated  one,  the  boil- 
ing point  rises;  the  boiling  point  falls  when  a  halogen  ataa 
goes  through  this  transition. 

Stoehr  and  Detert  (211)  investigated  the  possibilities 
of  preparing  pyrazine  frcan  tetra-  and  trims  thy  1  derivatives 
of  pyrazine.    They  found  that  when  the  tetra-  and  trimethyl 
derivatives  were  oxidized  with  potassium  permanganate  on  a 
water  bath,  the  tetra-  and  trlmethyl  derivatives  were 


completely  oxidized  to  the  corresponding,  rather  unstable, 
tetra-  or  tricarboxylic  derivative  of  pyrazlne.    When  the 
tetra-  and  tricarboxylic  derivatives  of  pyrazlne  were  heat- 
ed in  water  for  two  or  three  days,  the  acid  lost  carbon 
dioxide  to  form  the  dlcarboxyllc  acid  derivative  of  pyrazlne. 

Penton  (B7)  reported  that  tetramethyl  pyrazlne  could 
b©  obtained  by  condensing  (B-brouio)  or  (B-hydroxy)  laevulic 
acid  with  ammonia.    When  this  compound  was  oxidized  with 
potassium  penoanganate,  the  rather  unstable  tetracarboxyllc 
pyrazlne  was  formed.    This  work  confirms  the  findings  of 
Stoehr  (211),    When  the  potassium  salt  of  this  acid  was 
heated  in  water  at  200°  the  dlcarboxyllc  acid  of  pyrazlne 
was  formed  along  with  pyrazlne  and  other  products.    He  report- 
ed that  hydroxy pyruvic  acid,  CH2(0H)C: OCOgH,  or  dlhydroxya- 
cryllc  acid,  CH{OH):C(OH>CO  H,  would  condense  with  aHsnonla 
In  a  manner  similar  to  that  in  which  Wolff  (234,  238,  239) 
represents  the  formation  of  pyrazlne  from  amino  acetaldehyde, 

Hereshelmer  (160)  obtained  several  patents  on  pyrazlne 
derivatives  and  their  uses,    Campbell  (39)  found  that  pyra- 
zlne could  be  prepared  from  isoquinaline  derivatives,  Scholl 
(189)  working  with  azines  and  quinonedlazidos  of  the  anthra- 
qulnone  series  found  that  pyrazoic  acids  could  be  fomed  by 
oxidation  of  the  pyrazlno  compounds. 

Horstman  (115)  found  that  when  the  ammonixim  or  the 
sodium  salt  of  dlhydroj^  maleic  acid  is  mixed  with  an  excess 
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of  strong  aqueous  ammonia  and  the  mixture  allowed  to 
stand  for  one  half  hour  on  the  water  bath,  pyrazlne- 
2,5-dlcarbox5'-lic  acid  is  formed.    This  is  the  same  acid 
that  Wolff  (237)  and  Penton  (37)  found.    There  are  several 
possible  explanations  for  this  reaction.    Carbon  dioxide  was 
found  to  be  generated  in  the  reaction.    Tills  would  lead  us 
to  believe  that  the  dihydroay  maleic  acid  lost  carbon  diox- 
ide and  formed  tartronic  aldeliyde,  CH0-CH(0H)-C0^3H,  hydrox- 
ypyruvic  acid,  CH  {OH)-cn:0-CO  H,  or  dihcrdroxy acrylic  acid, 
CH(OH)  tCCOlD-COgH;  condensation  of  any  of  these  acids  with 
•Bimonla  would  evidently  take  place  in  a  manner  similar  to 
that  in  wliich  Wolff  (237)  represents  the  formation  of 
pyrazine  from  amino  acetaldeliyde.    Prom  tartronic  semialdehyde 
for  example,  the  changes  may  bej 

JfH  NH  ■  S 

2 


CO  H-CH        0:CH         CO_H-C        HCOH        CO„H-C  CH 

2     I  I  2     I  I  -*-2H„0 

j  2 

HC:0     ^C-COgH        HOCH      HC-CO^H  HC  C-COgH 

NHg  \/  \/  ^2 


On  the  other  hand,  the  initial  product  may  be  a  tetracarbox- 
yllc  acid  wMch  by  oxidation  and  loss  of  carbon  dioxide, 
gives  the  dicarboxylic  acid  as; 
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CO  H-C-OH 


CO  H-C-OH 
2 


NH. 


NH 


HO-C-CO  H 


HO-C-CO  H 


CO  H-Q 
2 


C-CO  H 
2 


CH 


CO  H-C 


C-COgH 


CO^H-C 
2  \ 


C-CO  H 
2 


NH 


+    H       +    CO      +    4H  0 
2  2  2 


This  type  of  reaction  does  not  occur  when  the  esters  of 
dlhydroxy  malelc  acid  are  treated  with  aqueous  ammonia* 

Gouldlng  and  Pollard  (104)  obtained  pyrazlne  by 
treating  plperazine  with  nitrobenzene.    The  unreacted 
plperazine  and  pyrazlne  were  separated  fraa  the  aniline 
and  nitrobenzene  by  forming  the  plperazine  and  pyrazlne 
carbonates.    Pyrazlne  was  obtained  by  the  dry  distillation 
of  the  mixed  carbonates* 

Wolff  and  Marburg  (240)  reported  that  by  reacting 
••mlcarbazide  with  the  hydrochloride  of  dihydroxymorphollne 
that  morpholylcarbazone  was  formed  from  which  pyrazlne 
could  be  obtained  when  it  was  hydrolyzed  with  dilute  hydro- 
chloric acid  at  ordinary  temperature.    Carbamide  was  the 
main  by-product.    \Vhen  dihydroxymorphollne  was  reacted  with 
hydrazine  or  hydroxylamlne,  a  product  was  formed  that  was 
extremely  soluble  in  water  and  passed  into  pyrazlne  at  zero 
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d«gF«es.  Prom  these  reactions,  he  concluded  that  the  two 
nitrogen  atcms  wore  linked  together  as; 


CH 


\ 


or 


CH 


It  was  also  reported,  that  diaoetylhydrazine  would  yield 
pyrazlne  when  treated  with  hydrochloric  acid,  but  the  mech- 
anics of  this  reaction  was  not  known.    A  yield  of  seventy- 
eight  per-cent  was  claimed  when  diacetyl  amine  (CH^-CO-NH- 

CO-CH  )  was  treated  with  hydrochloric  acid  in  the  presence 
3 

of  hydroxy lamine  hydrochloride.    All  of  these  reactions 
seem  to  be  carried  out  in  a  water  solution,  end  there  has 
been  only  one  satisfactory  method  formulated  for  the  remov- 
al of  pyrazine  fran  a  water  solution.    This  method  is  to 
form  the  mercuric  chloride  salt  of  pyrazine,  and  then  dis- 
till the  pyrazine  away  from  the  salt  in  an  alkaline  medium. 
This  process  would  be  highly  unfeasible  in  the  ccaapetition 
with  scxne  other  method  in  which  the  high  cost  of  reagents 
and  manipulation  would  be  the  main  considerations. 

Neuberg  and  Kansky  (159)  reported  that  by  reducing  the 
hydrochloride  of  the  esters  of  the  amino  acids  with  sodium 
amalgam,  and  then  oxidizing  with  mercuric  chloride,  that 
pyrazine  and  pyrazine  derivatives  could  be  formed.  In 
each  reaction,  Neuberg  and  Kansky  isolated  pyrazine  or  its 
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methyl  derivative  as  the  mercuric  chloride  salt.  The 
author  has  found  this  raethod  to  be  very  impractical  for 
the  isolation  of  pyrazine  unless  certain  modifications 
are  used  instead  of  the  conventional  metnod  of  steam 
distilling.    AS  shown  later,  certain  modifications  were 
resorted  to  in  which  there  was  loss  expense  and  mechani- 
cal loss.     In  the  distillation  of  the  pyrazine,  from  the 
mercuric  chloride  salt  in  strong  alkali,  recovery  was  poor 
due  to  oxidation  and  mechanical  losses  which  became  evident 
when  the  product  had  to  be  distilled  twice  before  an  anhy- 
drous product  was  obtained. 

Chichibobin  and  Shchuklna  (62)  reported  that,  when 
monobromacetaldel:^de  was  reacted  with  ammonia  and  then 
oxidized  with  a  mercuric  salt,  that  pyrazine  could  be  ob- 
tained.   The  highest  yield  reported  by  them  was  seventeen 
per-cent.    The  pyrazine  obtained  was  isolated  as  the  mercur- 
ic salt. 


The  attempts  to  prepare  pyrazine  directly  from  the  broma- 
cetaldehyde  and  ammonia  did  not  give  satisfactory  results, 
chiefly  because  of  resin  fomation.    When  the  bromine  was 
replaced  by  ammonia,  the  yield  was  higher.    This  was  accon- 
plished  by  passing  ammonia  through  the  brcxnacetaldehyde- 


2  NH  -CH„-CHO 
2  2 


N  -I-  2H  0  +  H 
'^2  2 
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mercuric  chloride  mixture.    Temperature,  velocity  of  am- 
monia, and  the  choice  of  a  solvent  greatly  Influenced  the 
resin  formation. 

A  desmotroplc  form  of  dlketopiperazlne  was  found  by 
Abderhalden  and  Schwab  (9).    When  glycine,  tryslne  and  gly- 
cerol were  mixed  together  and  heated  on  an  oil  bath  for 
five  hours  at  190^-200°,  3,  6-dlhydroxy-l,  4-dlhydropyrazlne 
was  obtained. 

Brgstrom  and  Ogg  (30)  Investigated  the  similarity  be- 
tween quinoxallne  and  pyrazlne.     In  this  investigation,  the 
work  of  Gabriel  and  Sonn  (90,  92)  was  confirmed.  Brgstrom 
found  that  quinoxaline  would  add  two  molecules  of  sodium 
bisulfite.    This  bisulfite  addition  product  decomposed  on 
heating.    Prom  this,  it  was  reasoned  that  pyrazine  would  act 
similarly.     It  was  found,  however,  that  pyrazlne  would  not 
add  sodium  bisulfite  or  show  any  other  chemical  character- 
istics which  are  shown  by  quinoxaline.    It  was  found  that 
pyrazine  would  not  react  with  l^drogen  cyanide.  Similarly, 
it  was  found  that  alkyl  Grignards  would  not  give  N-substitut- 
ed  alkyl-pyrazines,  and  that  pyrazine  would  not  be  attacked 
by  iodine  in  liquid  ammonia.    The  fact  was  established  that 
pyrazine  would  be  oxidized  by  iodine  in  alkaline  solution. 

Rlesz  (176)  obtained  a  French  patent  for  the  use  of 
pyrazlne  and  substituted  pyrazine  as  photographic  emulsion 
desensitlzers.    Pyrazine  ccsnpounds  or  its  substituted  deri- 
vatives were  treated  with  substances  capable  of  forming 
quaternary  cyclic  ammonium  salts,  and  the  products  after- 
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wards  condensed  with  aromatic  aldehydes  are  then  reacted 
in  aqueous  solution  with  silver  halide  paper  emulsions* 
The  desensitized  emulsion  can  be  developed  in  relatively- 
clear  light  without  cloud  formation.  Gastaldi  and  Prln- 
civalle  (101)  confiimed  and  expanded  the  applications  of 
Riesz  (176). 

A  Gerroan  patent  has  recently  been  granted  to  Dorr 
and  Mohring  (73)  in  which  the  preparation  of  mixtures  of 
volatile  organic  bases  were  obtained  by  heating  sucrose  or 
materials  containing  it  with  ammonia  or  its  derivatives  at 
100°  and  a  pressure  of  twenty  to  fifty  atmospheres.  The 
catalysts  used  were 2     a  sulfite^  an  acid  sulfite,  animal 
charcoal  or  a  metal  salt,  e.g.,  copper  sulfate.    The  bases 
obtained  were  separated  by  distillion,  after  the  addition 
of  alkali. 

Aston  and  co-workers  (13)  reported  that  pyrazine 
could  be  synthesized  by  the  catalytic  dehydrogenation  and 
dehydration  of  ethanolamine.    The  most  favorable  conditions 
were  found  to  be  at  a  temperature  of  300°  with  a  copper 
catalyst.    The  catalyst  was  placed  in  a  tube  which  acted 
also  as  a  fractionating  column.    The  fraction  distilled  in 
the  range  of  95°-  125°  was  taken  as  that  which  contained 
pyrazine.    The  pyrazine  was  Isolated  by  acidifying  the  dis- 
tillate with  hydrochloric  acid  and  then  precipitating  the 
pyrazine  as  the  mercuric  salt  by  adding  an  excess  of  a 
saturated  solution  of  mercuric  chloride.    The  pyrazine  salt 
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was  rocrystallized  frora  dilute  hydrociiloric  acid.  Th« 
derivative  was  found  to  contain  56.86  per-cent  mercury  as 
caapered  with  57.05  per-cent  for  the  calculated.  This 
corresponds  to  the  formula  (C^H^N2)HgCl2.    The  yield  of 
pyrazine  obtained  was  5.6  per-cent.    Most  of  the  amino 
disappeared  by  side  reactions  producing  resins,  wMc^^ 
rendered  the  catalyst  inactive.    The  pyrazine  was  recover- 
ed from  the  morcuric  salt  by  distillation  from  concentrat- 
ed alkali  and  then  drying  the  distillate  with  solid  potass- 
ium hydroxide  and  then  redistilling.    The  fraction  boiling 
at  112°  -  114°  at  730  mm.  pressure  was  taken  for  the  analy- 
sis.   There  was  no  information  as  to  flow  per  gram  of  cat- 
alyst.   This  is  the  first  attempt  to  prepare  pyrazine  by 
vapor-phase  alkylation.    The  usefulness  of  the  procedure, 
for  the  preparation  of  pyrazine,  was  not  considered  as 
satisfactory  because  of  resin  formation  on  the  catalyst 
which  rendered  the  latter  Inactive. 

Spoerri  and  Ei'lckson  (201)  investigated  the  Curtlus 
and  Hofmann  degradation  of  pyrazlne-2,  5-dlcarboxyllc  acid. 
They  found  that  the  amide  was  stable  toward  both  l^pochlor- 
ous  acids.     It  was  found  that  the  pyrazine  nucleus  would  not 
nitrate  but  that  the  nucleus  could  be  halogenated.    The  hal- 
ogenated  nucleus  was  found  to  be  very  xinstable  end  decom- 
posed at  ordinary  temperatures. 

Hall  and  Spoerri  (202)  reinvestigated  the  work  of 
Spoerri  and  Erickson  (201)  and  found  that  2-amlnopyrazine 


could  be  prepared  by  treating  pyrazine  mono carboxy 11c 
amide  with  sodium  hypochlorite.    Two-axnlnopyrazlne  was 
found  to  have  a  melting  point  of  117°  -  118°, 

Elllngson  (80,  81)  foiond  that  sulf apyrazlne  could 
be  prepared  by  treating  the  2-amlnopyrazlne  with  p-amlno  - 
sulfonylchlorlde  In  a  solvent  of  pyridine.    The  sodlm 
salt  was  found  to  be  the  best  preparation  for  oral  use, 
having  a  pH  of  9.5  In  physlolo£jical  saline  solution.  In 
later  work.  In  conjunction  with  other  workers  (116,  117, 
143,  217,  229),  Ellingson  found  that  2-amlnopyrazine  car- 
boxylic  acid  could  be  derived  frcan  lumazlnes  which  had 
previously  been  investigated  by  Kuhn  and  Cook  (127a). 
Wei J lard  and  co-workers  (229),  working  with  lumazine  and 
substituted  lumazlnes,  fovind  that  2-amlno-3-carboxyllc 
pyrazine  could  be  readily  decarboxylated  to  aminopyrazine. 

N         NH  H 
R  -C^  ^3        %0      (NaOH)      R,-C^  ^C-NH  -C0_ 

M     II    •  I   '  'I     II   ^  — ^ 

R  -C  C  KH  R  -C  C-CO  H 

2^/\/  2   \     /  2 


V  V         '  \ 


R'C  C 

'  \  / 

N 

The  B.^  and  R^  can  be  hydrogen  or  any  aryl  or  alkyl  group, 


This  method  of  preparing  2-arainopyra2lno  seems  to  be  a 
likely  source  of  2-amliioderlvablves  and  since  the  yields 
are  reported  In  the  range  of  eighty  per-cent  it  Is  much 
better  to  use  this  method  of  preparing  2-amlno  pyrazlne 
than  to  attempt  the  aalnation  of  the  pyrazine  nucleus  by 
the  conventional  use  of  sodium  amide*    Weljlard  (229)  found 
that.  In  contrast  to  lumazlne,  the  substituted  Ixmazines 
under  the  alkaline  cleavage  conditions  did  not  form  the 
hydroxy-acids  and  are  stable  to  strong  alkali  at  elevated 
temperatures.    The  substituted  2-amino  pyrazolc  acids  are 
decarboxylated  in  eighty  per-cent  sulfuric  acid.    The  alk- 
aline cleavage  of  Ivuaazine  gives  the  2-]:^droxy-3-pyrazoic 
acid.    This  can  be  decarboxylated  to  give  2-hydroxypy raz ine . 
It  was  found  that  when  very  dilute    alkali  or  sulfuric  acid 
cleavage  of  lumazlne  was  carried  out,  that  the  2-amlno-3- 
pyrazolc  acid  could  be  prepared  by  this  method, 

Bllraan  (23)  working  with  derivatives  of  pyrazine  show- 
ed that  N-benzylpyrazine  carboxamlde  and  N,N'-dibenzyl-2,3- 
dlcarboxyllc  amldo  pyrazine  possessed  pronovmoed  antispas- 
modic activity,    Daniels  (76)  investigated  the  N,N»-pyrazlne 
derivatives  of  sulfaminlde.    He  demonstrated  a  method  of 
preparing  N-  and  N,N«-pyrazinoylsulfanilaralde8.     In  this 
work,  he  proposed  the  name  of  pyrazolc  acid  for  pyrazine 
monocarboxylic  acid. 

Bills  and  co-workers  (24)  compared  the  uses  of  pyrazine 
carboxylic  acid  and  pyrazine-2,3-dlcarboxyllc  acid  with  ni- 
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cotlnlc  Rcid  In  ourlne  glassltls  and  improving  the  well 
being  of  pellagrins.    It  wft»  found  that  500  to  300  mllli- 
grems  of  pyrazlne  carboxylic  acid  or  pyrazlne-2,3-dicar- 
boxylic  acid  adainistered  in  divided  dosea  five  to  eight 
tlaea  a  day  is  effective  in  pellagrins,  end  safe  for  both 
pella£;rins  and  normal  buraan  subjeots.    It  was  found  that 
pyrazlne  carboxylic  acid  and  Krrazlno-2,3-dicarbo3cylic  acid 
did  not  produce  the  vasodilator  symptOBis  which  often  follow 
the  use  of  large  doses  of  nicotinic  acid.    Bean  (20)  work- 
ing along  the  saae  trend,  found  that  nicotinic  acid  and  its 
sodiua,  anmoniuBi,  and  ethanol  amine  salts  and  its  ethyl  ester 
p2K>duced  vasodilation  of  the  skin  and  an  increase  of  tempera- 
tux^  when  given  intravenously  in  twenty  ailligraa  doses* 
Pyrazine  monocarbozylic  acid  produced  only  a  slight  rise  In 
ttt:iperature,  while  all  of  the  coiupounds  were  effective  in 
treating  pellagra.    Bean  oonfimed  the  works  of  Bills  and 
stated  that  i^raxlne-2,5-dicarboxylic  acid  injections  pro- 
duced no  vasodilation  of  the  skin. 

Three  patents  have  been  issued  recently  (73,  75,  149) 
to  IlereJc  and  Coatpaiqr*    These  patents  outline  the  preparation 
of  and  use  of  derivatives  of  pyrazine  and  substituted  i^a- 
sizxe  and  pyrazine  acids. 

Several  investi^.ators  have  investigated  the  antibiotic 
and  pathological  properties  of  pyrazine  derivatives.  Roller 
(153)  investigated  the  use  of  mono-  and  dicarboxylic  pyra- 
zine in  its  action  towards  Froteus  viil^j^arls  and  Streptococcus 


13» 


plantorum.     It  was  found  that  these  ccaipoimds  have  very 
marked  control  but  little  final  eflect  on  the  organisms. 
Mcllwain  (151)  attempted  to  show  that  a  relationship  exist- 
ed between  pyrazine  derivatives  and  pyraziae  di-N-oxides  in 
antibiotics.    The  di-N-oxides  inhibited  the  growth  of  Strep- 
tococcus hemolyticus  and  Cornynebacteriian  diptheriae. 

Tamura  (214)  showed  that  sulfapyrazine  in  2  x  10"^ 
XBol,  concentration  induced  complete  bacteriostasis  of  Past- 
eurella  tularensis  with  moderate  and  large  inocula  in  a 
very  favorable  media,    Imdicott  and  Trevett  (82,  219)  in- 
vestigated the  use  of  sulfapyreusine  in  rats  and  mice.  Tre- 
vett foiond  that  the  lethal  dose  of  sulfapyrazine  in  mice  is 
approximately  0.6  grams  per  kilogram  and  that  death  occurred 
usually  within  twenty-four  hours  after  injection.    It  was 
concluded  that  sulfapyrazine  is  as  effective  as  sulfanila- 
mide in  the  treatment  of  hemolytic  streptococcual  infections 
in  mice.    Sciimidt  (187)  investigated  tiie  use  of  sulfapyrazine 
in  mice  infected  with  B-hemolytic  streptococcus.    It  was 
concluded  that  single  large  doses  were  considerably  more 
effective  than  similar  doses  of  sulfatiiiozol,  sulfapyridlne 
and  sulfanilimide  and  were  essentially  identical  in  activity 
with  sulfadiazine*    High  blood  levels  persisted  over  long 
periods  euxd  were  more  easily  produced  than  with  most  other 
sulfadrugs.     Seslor  (194)  and  Robinson  (178)  found  that 
sulfapyrazine  and  sulfadiazine  showed  similar  pathological 
changes  in  rats  and  mice.    They  also  showed  tliat  sulfa- 
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pyrazino  gave  higher  "blood  levols  and  gave  higher  per- 
centages of  survivals  than  did  sulfathiazol,  sulfapyri- 
dine,  sulfanlllmide,  when  they  were  used  in  the  treatment 
of  pneumococcal,  streptococcal  and  staphylococcal  infections. 
Callomon  (38)  and  Scudi  (192)  investigated  the  pathological 
effect  on  the  kidneys  of  various  sulfadrugs.    It  was  found 
that  sulfapyrazine  produced  no  marked  tissue  damage  in  the 
kidneys. 

The  preparation  of  pyrazoic  acids  were  investigated 
by  Butlcher  (37)  and  Gabriel  (90,  92),    Quinoxaline  and  its 
2,3-dimethyl  derivatives  were  oxidized  to  pyrazlne-2,3-di- 
carboxylic  acid  and  5,  6-dlmethylpyrazine-2,  3-dicarboxylic 
acid  when  heated  with  two  per-cent  potassiian  permanganate 
solution  in  the  presence  of  potassium  hydroxide.  Butlcher 
investigated  the  methyl  ester,  metallic  salts  and  the  amides 
of  the  pyrazoic  acids.    Gabriel  studied  the  decomposition 
products  of  pyrazoic  acids  and  the  preparation  of  amlnopyra- 
zine.    Sausville  (186)  investigated  the  ionization  constants 
of  pyrazoic  acids  and  the  preparation  of  aminopyrazine  deri- 
vatives.   The  formation  of  quinoxaline-2,  3-dlcarboxylio 
acid  was  prepared  by  Chattaway  and  co-workers  (43)  by  oxi- 
dation with  permanganate  solution,  quinoxaline-2,  3-di car- 
boxy  -o-phenylenedi  amine  , 

Gryszkiewrcz  (106)  and  Hinkel  (110)  working  with  a 
polymer  of  hydrocyanic  acid  and  Badshow  (27)  with  an  ethyl 
ester  of  cyanoacetic  acid  foxrnd  that  pyrazine-2,  3-dicyano- 
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pyrazine  and  pyrftxlneoE,  5»  e-trie&rbozylic  acid  eould 
b«  pr^parod. 

Chandra  De  (79)  earrled  out  a  serlaa  of  experi- 
Muta  la  vliiea  he  demojostrutad  that  dyaa.  of  7arioua  tjpas 
could  be  prepared  froo  ^ra»lne-2,  3-dlcarboxylic  acid» 
Ley  &tKL  co-workers  (137)  InveatigGted  the  ueo  of  pyrazine-> 
2,  S'-dlc&rboxyllc  aoid  aa  a  quantitative  color ixaeteric 
XHMgent  for  iron« 

The  i^ntbesia  of  pyrazine  derlTatives  by  the  action 
of  aroaatic  nitro80*o«>hQrdrozy  coopounda  on  aldehydea  In  the 
presence  of  aanonla  or  prlaary  allplmtie  aainea  has  been 
carried  out  by  Lasg  (131)  •    Lang  waa  lasued  two  patenta 
which  covered  thia  ayntheala  (132,  133).    Ochiai  (163)  an& 
Calesue  (65)  worklni,  with  catalytic  reduction  of  iaonitroao- 
acetylacetone  and  laonitroaoacetoethylacettte,  reapectively, 
found  that  2, 5-diaethyl-3,  S-diacetylpyrazine  and  2,  4-di-. 
a»thyl-3,  5-dicarbethoatypyraaine  oould  be  obtained.  Gas- 
taldi  (33)  reviewed  the  previoua  literature  on  laonitroao- 
ketones  and  inveatigated  the  atructure  of  the  ao-callod 
bisulfite  oaapounde  of  the  iaonltroeoketonea •    The  behavior 
of  iaonitrosoketonos  toward  potaaaiuK  cyanide  and  their  trans 
fomation  into  pyrazine  derivatives.  .Aainoecetophenonesul- 
furic  acids  are  reacted  with  potaaaiua  cyanide  to  give  aaino- 
oyanoaeetophenone  sulfuroue  acid  which  when  hydrolyzed  with 
water  condenses  to  fora  pyrasine  derivatives j  2,  5-dicyano- 
pyraaine,  2,  5-diphenyl-3-cyanoj^ra*ine.    Then  these  conden- 


Mtion  products  are  heated  with  potassluB  bordroxide^  hy- 
droxy pjr  as  ines  are  obtained  instead  of  the  expected  oar- 
boxy  lie  acids.    Sonn  (200)  prepared  amlnobenxylaoetone 
hgrdrocliloride  by  treating  bensylisonitrosoacetone  with 
etannous  chloride  la  hydrochloric  aold,    When  amino- 
bensylacetone  l^droehloride  is  treated  wltii  aqueoiui  so- 
dixaa  hj'droxlde  a  perclpltate  la  foraed  wliica  is  converted 
into  2f  5-dimethyl-3«  6-dibensylpyrasine  with  dilute  sul- 
furic acid.    Lang  (131)  found  that  hy<lx'oxyditaydronaphtho- 
pyrazlne  could  be  prepared  by  dissolving  alphsnitroso-B- 
naphthol  in  aqueous  sodium  carbonate  and  addlag  aomonita 
chloride  and  acetic  acid.    Crippa  (67)  oxidised  B-phsnyl- 
1,  2-ziaphthaquinoxallne-3,  4-quinoQe  with  alkaline  peman- 
gaxiate  to  obtain  p7rasine-3-phenyl-5-Garboi^-6-o-benxoio 
acid. 

When  (70)  glutaniic  acid  is  acetylated  in  pyridine  a 
ketone  is  formed  frora  glutamic  acid  tiiat  is  converted  to 
to  2,  5-dlnetbylpyrazine-3,  6-dipropionio  acid.    In  a  sim- 
ilar manner  Fischer  (39)  made  2«  5-di»etbyl-3»  e-diaoetyl- 
pyrazine  (36) • 

Sanna  {ISA,  185)  found  that  when  indacyl  halides, 
and  substituted  indacyl  halides  were  heated  with  aqueous 
amMoia  several  products  are  foraed^  such  as;  diindalyl- 
diliydropyrazine  and  bis-(alpha-aethyllndacyl}  i)yraEine. 

Bis-pentso&ethylenepyrazi.^e  was  found  to  be  fonaod 
when  ammonia  gas  is  reacted  with  ehlorosuberone  (103). 
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Godchot  Investigated  this  reaction  and  made  many  derivatives 
of  bis-pentamethylenepyrazlne.    This  compound  was  reduced  In 
the  presence  of  platinum  by  using  sodium  and  anhydrous  amyl 
alcohol.    Three  sterolsca»erlc  bls-pentamethylenepyrazine  were 
formed  by  tills  method, 

Avy  (15)  fo\ind  that  dlchloro-tertlary  alcohols  react- 
ed with  ammonia.  In  absolute  alcohol,  to  give  2,  2,  5,  5- 
tetramethyldlhydropyrazlne,    Conant  and  Aston  (66)  found 
that  2,  2,  5,  5-tetramethyldlhydropyrazlne  could  be  f omed 
by  oxidizing  2-methylpropanone  with  potassixam  f erricyanlde. 
Plperazine  is  also  formed  in  this  reaction  but  the  authors 
note  that  the  ring  reaction  of  nitrogen  is  obscure  and  un- 
explained. 

The  formation  of  a  single  dlasterioisomer  in  the  re- 
action of  organomagnesiiaa  derivatives  with  aminoketones  was 
found  by  Tiffeneau  (216),    By  this  method,  Tiffeneau  found 
that  2,  5-dlmethyl-3,  6-dlarylpyrazine  could  be  synthesized. 

In  extending  the  reductions  of  the  pyrlmldine  and  py- 
razlne  ring  systems  to  dlhydro  derivatives  by  means  of  sod- 
ium thlosulfate,  it  was  found  that  pyrlmldine-Mel  and  the 
cetyl  iodide  analog,  readily  took  up  two  atoms  of  hydrogen. 
By  this  method  Karrer  (121)  produced  2,  5-dimethyl-N-methyl- 
6-hydropyrazine,    Aston  (11,  12)  found  that  2,  3,  5,  6-hex- 
amethyl-N-metliylpyrazine  could  be  prepared.    It  was  noted 
that  the  ring  Is  broken  upon  standing  in  dllut;©  ulknli  and 
that  only  one  nitrogen  is  titrated    with  tenth  normal  acid. 
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Gastaldl  (93,  99,  174)  describes  a  raethod  of  pre- 
paring 2,  5-  dimethyl-3,  6-dlcyanopyrazine,  2,  5-dliaethyl- 
6-hydropyrazlne,  and  2,  5-dlphenyl-6-bydropyrazlne,  He 
shows  how  these  compounds  can  be  converted  to  the  carboxy- 
11c  acids  and  their  esters* 

The  tetra-  and  pentamethylpyrazlnes  were  synthesized 
by  Ochial  and  co-workers  (162)  and  by  Wallach  (228)  and  by 
De  Paollne  (167),    Ochlal  found  that  dloxlmes  of  o-dlketones 
are  not  reduced  to  diamines  but  are  first  hydrolyzed  to  the 
mono-oxlme  which  are  then  reduced  to  o-amlno-ke tones.  Two 
moles  of  the  enollc  forms  condensing  with  each  other  by  loss 
of  two  molecules  of  water  to  form  the  dlhj'dropyrazine  which 
Is  easily  oxidized  to  the  pyrazine  derivative  In  air. 

The  synthesis  of  2,  3-dlmethylpyrazlne  was  found  by 
Jorre  (119)  In  1907.    Ethylene  diamine  was  reacted  with  dla- 
cetyl  In  ether  and  the  resulting  2,  3-dlmetl:grl-5^  G-dli^dro- 
pyrazlne  oxidized  with  Pehlinc's  solution.    Joiner  (113) 
showed  that  methylpyrazlnes  could  be  amlnated  with  sodium 
amide  in  different  solvents.    Aston  and  co-workers  (14)  re- 
acted methylpyrazine  with  sodium  methylate  and  foimd  that 
the  pyrazine  ring  could  be  methylated  in  this  manner. 

In  the  thermal  decomposition  of  trans-1,  2-cyclo- 
butane-bls- (trlmethyl  ammonium) hydroxide,  Buchman  (36)  show- 
ed that  tetraphenylpyrazine  was  formed.    Meanwhile  Takakl 
(212)  reduced  amarlne  with  sodium  amalgam  and  obtained  tet- 
raphenylpyrazine.   Mason  (143)  working  with  monophenacyl- 
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benzylamino  found  that  two  molecules  of  the  base  would 
condense  with  the  elimination  of  two  molecules  of  water 
and  1,  4-diben2yl-2,  S-dlphenyldiiio^dropyrazlne  is  formed, 

Abderhalden  (2)  and  Karrer  (120)  found  that  0,  0- 
dibenzyl-2,  5-dlhydroxypyrazine  could  be  formed  when  sar- 
cosine  anhydride  reacted  with  benzylchloride.    They  found 
that  this  compound  is  decomposed  by  dilute  sulfuric  acid 
into  aminoacetic  acid  and  benzyl  alcohol.    Another  method 
of  preparing  e  tetraphenylpyrazine  was  found  by  Tlovelli 
(161)  in  which  fomamides  are  treated  with  anisoin  at 
180**  to  give  tetra-p-methoxyphenylpyrazine,  Pyrazine-2, 
3-dibromo-b-meth03yphenyl  was  obtained  from  broraal  fand 
anisaldehyde  cyanohydrin  by  Minovici  (152), 

Several  diketopyrazine  derivatives  were  Investigated 
by  Abenius  (3,  4,  5),    Rudenbury  (180)  reacted  p-tolaoy la- 
mine  with  aqueous  amraonia  in  an  atmosphere  of  carbon  diox- 
ide, and  obtained  dihydroditolylpyrazine.    This  compound  is 
oxidized  to  ditolylpyrazine  with  a  few  drops  of  nitric  acid 
or  hydrogen  peroxide  or  by  boiling  the  alcoholic  solution 
for  a  few  minutes. 

The  preparation  of  2,  3-diphenyl-5,  6-dihydropyrazine 
has  been  investigated  extensively  in  the  past  forty  years. 
The  main  interest  in  this  conpound  was  enhanced  by  the  de- 
mand for  aminopyrazine  which  can  be  derived  from  the  2,  3- 
dicarboxylic  pyrazine.    Amendsen  (8),  Hleber  (108),  Mason 
(139,  142)  and  van  Alphen  (223)  synthesized  2,  3-diphenyl- 
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5,  6-dlhydropyrazlne  from  benzil  and  ethylene  diamine, 

Fh-CjO 
Ph-C:0 

This  compound  readily  loses  hydrogen  by  air  oxidation  or 
on  heating  In  alcoholic  solution. 

When  alpha-amlnoketones  are  liberated  from  their  salts, 
they  undergo  oxidation  and  condensation,  yielding  dlsubsti- 
tuted  pyrazines.    Gabriel  (93)  found  that  alpha-broraoaceto- 
phenone  is  converted  by  aqueous  aninonia  into  dlphenyldlhy- 
dropyrazine  and  traces  of  diphenylpy raz ine •    Tutin  (221), 
in  a  similar  manner,  prepared  2,  5-dlphenylpyrazine  by  treat- 
ing chloroacetophenone  with  ajmaonia  in  the  presence  of  alum- 
inum chloride,    Ochial  (164)  and  Petrow  characterized  2,  5- 
dlphenylpyrazlne  and  its  derivatives.    Ochial  fouhd  that  he 
could  nitrate  the  pyrazlne  ring  when  it  has  two  substituted 
phenyl  groups  present  on  the  ring,    Gabriel  (96)  confirmed 
some  of  the  work  of  Tutin  (221)  and  showed  that  2,  6-dlphen- 
ylpyrazlne  could  be  formed  by  the  methods  of  Tutin,  Gabriel 
(94)  working  with  alpha-aminoacetoplienone  found  that  dihy- 
droxyphenylpyrazine  is  formed  by  the  action  of  ammonl  on  the 
hydrochloride  suit  of  alpha-aminoacetophenone.    This  affirms 
the  earlier  work  of  Gabriel  and  disproves  some  of  the  work 


H_H-CH, 


Ph-C'        "CH        -I-  2H  0 
I  II  2  i 


H  N-CH 
Z  2 


Ph-C, 


N 


CH, 


of  Umyer  (133). 

Davidson  (77)  and  L»ftll«  (134)  studied  the  aoticn  of 
liquid  aaanonia  and  solutions  of  snMNoium  salts  on  benzoin* 
Tetrspbsnjrlpyrasins  was  forxaed  by  sisilar  metbods* 

/\ 

1        +       :    t         I   ^      I  II  +  4H.0 

*  \/ 

H 

Iji  a  sinilar  fflsthod^  Curtus  (63)  worked  «itb  hQrdrasine  by- 
drate  end  otho^iketone.    He  found  thi>t  this  method  would 
syntbesise  tetra-p->tolylp7ra£ines  in  a  satisfactory  manner* 

Raisiss  and  Clemence  (175)  investigated  the  thera- 
peutic activities  of  a  nuasiber  of  different  derivatives  of 
pyrazine*    Aaoog  these  were  the  N-sulfaniliadde  derivatives 
of  pyrazine* 

The  characteristics  of  pyrasine  have  been  stavnarixed 
by  iiulliken  (156)  ass  priams  from  water,  alcohol,  und  other* 
Tlie  prisms  of  i^yrasine  are  soluble  in  water*  alcohol*  and 
ether*    Pyrasine  is  a  weak  base  which  fuaes  with  l^^droetilor- 
ie  acid* 

In  the  recent  work,  carried  out  by  Pfann  (169),  it 
was  found  that  pyrazine  fomed  an  aeeotrope  with  water*  No 
aseotrope  was  found  when  pyrazine  was  uistilled  with  methan- 
ol or  ethanol*    The  refractive  indices  of  the  pyrasine- 
water  solutions  wore  found  to  be  nearly  linear  functions 
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of  weight  concentrations. 

Kitchen  (124)  reported  traces  of  pyraaine  as  a  by- 
product in  the  synthesis  of  plperazlne  when  Raney -Nickel 
was  used  as  the  catalyst  for  the  ring  closure  of  N-(B-hy- 
droxyethyDethene  diamine. 

Summary  of  Properties  of  Pyrazine 
Plqrsical  state:  volatile,  hygroscopic  solid  having 

weak  basic  characteristics* 


Melting  point:                 47°-  48°  (104) 

o  o 

Boiling  point:  117  -118    at  758  jam. 

116.8°-116.3°  at  760.5  mm.  (104) 

112°-114°  at  730  mm.  (13) 

Picrate:                           M.  p.  156°-157°  (156) 

Silver  Nitrate:                II.  p.  257°  (237) 

Mercuric  chloride:           M.  p.  273°  (209) 

Aureciiloride:                   M.  p.  245°  (205) 

Aurlchlorlde:                  M.  p.  202°  (159) 

Sulfate:                             M.  p.  136°-137°  (209) 

Nitrate:                           M.  p.  150°  (104) 

Density:                           d  S|a2    i.031    g./cc,  (104) 

Refractive  index:            n            1.4953  (104) 

2.  Discussion 


There  are  many  methods  known  for  the  synthesis  of 
pyrazine  but  most  of  them  are  inpractical  for  commercial 
production.    Of  the  few  syntheses  that  give  pyrazine  there 
appears  to  be  only  one  that  can  be  feasible  as  a  coramercial 


proMsa.    Astoa  uo&  9o»m&rlMTa  (13)  showed  that  this  method 
would  giv*  pjrraslne  by  the  catalytic  7»por*phas«  dshydro* 
gMAtloQ  aj3d  d«h7(ix^&tlon    of  ethaaol  aalne*    Most  of  th» 
•Bind  disappeared,  ia  thia  re&otion,  to  give  rise  to  resin 
foraation*    It  ia  aaauned  that  this  reacticm  could  be  made 
of  ooQBercial  importance  if  a  better  catalyst  were  discover* 
ed  whereby  the  side  reactions  could  be  either  eliminated  or 
liialted  to  a  aEsall  degree,    iuilth  tiiis  idea  in  loind  the  pres- 
ent investigation  was  carried  out*    3y  the  siaultaneoua  de- 
hydration and  dehydrogenatian  of  N-CB-hydroxyethyl) ethane 
dlanine  in  catalytic  vapor-phaaot  a  continuoua  proeeaa  for 
the  production  of  pyrasino  has  been  demonatrated. 

There  are  only  a  few  ayntheses  that  give  pyrazine  aa 
a  final  product^  without  going  through  a  series  of  oxidaticuia 
and  deoarboacylation*    A  syntheais  of  this  type,  in  produelng 
pyrasine,  la  not  very  aatisfactory  because  the  product  ia 
alwsgr*  obtained  in  a  water  solution.    Wolff  (208,  237}  deaon- 
a  ayntheais  of  thia  ^pe  by  distilling  pyrazoic  acid  slowly 
from  an  alkaline  aolution*    Aa  tho  pyrasoic  acid  was  decar- 
bozylated,  tlie  pyrazine  ateam  distilled.    To  obtain  the 
pyrasine  from  the  distillate,  it  waa  neeesaary  to  form  the 
aerouric  chloride  salt  whieh  was  then  distilled  from  aatTir- 
ated  potaaslun  t:o'droxide  solution  to  recover  the  pyrasine. 
To  rsBOve  the  water  aaaociated  with  the  distillate,  it  was 
neeaaaary  that  the  distillate  be  treated  with  aolid  potas- 
aiisa  hydroxide  to  take  up  the  water.    Tho  solidified  mixture 


was  then  dry  distilled  to  recover  the  anhydrous  pyrazine. 

In  all  of  these  reactions  there  appears  to  be  the  ac- 
cepted idea  that  a  condensation  must  occur  between  an  alde- 
hyde or  ketone  and  an  amine  or  amiuonia,  with  the  elimination 
of  a  molecule  of  water.    A  condensation  of  this  type  creates 
flui  unsaturated  linkage  that  seems  to  make  excess  hydrogen 
atoms  raore  liable  than  they  would  be  if  the  unsaturated 
linkages  were  not  present.    An  example  of  this  type  of  con- 
densation was  demonstrated  by  Wolff  (233,  239),  in  which 
amino  acetaldehyde  was  condensed  with  itself,  splitting  out 
two  molecules  of  water,  to  give  pyrazine.    In  a  synthesis 
of  this  type  there  is  a  possibility  of  linear  side  reactions 
which  would  make  the  cyclic  condensation  less  feasible. 


CH  CH 

5  H  N-CHg-CHO— >  I  II  H-HgN-CHg-CHxN-CHg-CHiN-CHg-CHO 

CH  CH 

+  4  H  0      -h  H 
2  2 


Another  type  of  synthesis  is  demonstrated  by  Pen  ton 
(87),  in  which  hydroxypyruvic  acid  is  condensed  with  animonia, 
This  type  of  reaction  always  appears  to  produce  a  low  yield 
because  ammonia  ia  a  poor  alkylating  agent.    There  is,  at 
the  same  time,  evidence  of  side  reactions  which  would  also 
account  for  poor  yields  in  the  desired  product,  pyrazine. 

3.     Catalytic  Alkylation 

The  present  investigation  of  catalytic  vapor-phase 


alkylatlon  was  praapted  by  the  results  of  other  Investigat- 
ors.   The  vapor-phase  alkylatlon  of  arcxaatic  amines  with 
alcohols  has  been  investigated  by  Riaihl  and  de  Godon  (144), 
Brown  and  Reld  (32),  and  by  Shuikln  and  co-workers  (195, 
197).    They  obtained  high  yields  and  found  that  effective 
catalysts  were  oxides  of  alumlmon,  titanium,  iron  and  silica 
gel.    The  simultaneous  dehydration  of  ethanol  and  amnonla 
using  alumina  catalyst  ixave  been  reported  by  Shuikln  and  co- 
workers (196).    Aston  (13)  reported  the  catalytic  vapor- 
phase  alkylatlon  of  ethanol  amine  with  copper  chrcxolte 
catalyst. 
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B.    SYHTHESIS  OP  PIPKRAZIMB 
1.    Revlaw  of  fcha  Literature 

Plper&zlne,  first  prepared  by  Cloox  In  1353  (68), 
has  been  the  aubjeot  of  a  large  volume  of  rcBoarch  In  the 
ninety-three  years  that  it  haa  been  known.    Kianeroue  uaea 
have  bean  developed  for  piperaalne  and  plperasino  deri- 
vatives.   Use  is  aade  of  piper aaine  as  a  reagent  for  prepar- 
ing solid  derivatives  of  fatty  acids  for  identification  pur- 
poses aa  shown  by  (170)j  ti»  preparation  of  the  pipera*in« 
salts  is  unique  and  their  melting  points  are  very  sharp. 
Hine  patents  relating  to  piperasine  and  piperaslne  products 
have  been  granted  within  the  past  fifteen  years,  eight 
(60,  63,  64,  33,  34,  165,  177,  191)  relate  to  «ediclnalsj 
one  (133)  to  a  series  of  local  anestbetics;  one  (31)  to 
the  use  of  piperaslne  as  a  corrosion  inhiblter;  and  one  (32) 
to  a  series  of  wnulsifying  and  wetting  agents.  Biedebach 
end  Weigand  (2ki)  suggests  the  use  of  plperasine  in  eaulsicmse 

A  potential  use  of  piperazine  which  may  soon  utilise 
large  quantities  of  plperaslne  per  year  is  as  a  source  of 
pyrasine  ring  for  the  synthesis  of  sulfapyrazlne.    Tb»  meth- 
ods of  pyrasine  syntliesis  are  unsatisfactory  as  a  rule,  and 
it  is  thought  that  catalytic  dehydrogenatlon  of  plperaslne 
may  be  successfully  used  as  a  source  of  pyrazine.  Sulfa- 
pyrazine  was  synthesised  in  1941  by  Ellintison  (80,  81); 
the  recent  prelliiinary  report  by  Ruegsegger  (131)  upon  the 
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phamacologlcal  action  of  sulfapyrazine  Indicates  that  this 
addition  to  tiie  list  of  sulfadrugs  will  become  of  wide 
application  in  pneumonia  treatment. 

Since  the  initial  synthesis  of  piperazine,  nxamoroua 
methods  of  manufacture ing  piperazine  have  been  published. 
At  the  present  time,  there  seems  to  be  only  one  synthesis 
of  piperazine  that  demonstrates  economic  feasibility  (104, 
124 )•    Consequently  piperazine  has  remained  high  in  price, 
and  at  the  present  time  it  is  not  available  on  the  market. 
There  are,  at  the  present  time,  eight  patents  (40,  41,  63, 
64,  105,  128,  172,  232,  233),  and  a  patent  application  (171) 
relating  to  three  different  processes  for  the  commerical 
production  of  piperazine. 

Piperazine  was  first  obtained  by  Clooz  (68)  in  investi- 
gating the  reaction  of  alcoholic  ammonia  with  ethene  dlchlor* 
ide  and  ethene  dibroraide: 


BrCH  CH  Br 
2  2 

-t  NH^ — »Br-NH 


CH  -  CH 

/  2        2  (NaOH) 

liH-Br  > 


BrCHgCHgBr  CH^-  CH^ 


HN  1 
CI^-  CH, 


NH 

/■ 

2 


■     ;  ■  i 

Nathanson  (158)  apparently  obtained  a  trace  of  piperazine 
by  the  treatment  of  ethene  dichloride  with  alcoholic  ammonia, 


The  reaction  also  was  Investigated  by  Hofmann  (113) •  This 
reaction,  however.  Is  of  little  value  for  the  synthesis  of 
piperazine,  for  plperazine  is  only  a  minor  product;  various 
polyamines,  such  as  ethene  diamine,  diethene  trlanine,  and 
triethene  tetramine  are  formed  in  the  same  process  (114)* 
A  similar  method  was  used  by  Sleber  (198)  for  the  synthesis 
of  plperazine  in  which  he  reacted  ethene  diamine  and  ethene 
dibromide.    Saniia  and  Oliveria  (132)  recently  have  describ- 
ed an  inproved  process  wnich  involves  the  use  of  very  con- 
centrated aimaonia  and  etiiene  dibrcciide. 

Processes  were  later  developed  for  the  synthesis  of 
plperazine  which  gave  scwiewhat  better  yields  than  those  of 
the  direct  alkylatlon  of  ammonia.    These  processes  involved 
the  alkylatlon  of  a  compound  RNHg  containing  a  primary  amino 
group  by  means  of  ethene  dlhallde  and  subsequent  removal  of 
the  R.  group  by  various  methods. 


The  most  widely  used  process  of  this  type  was  the  one  which 
was  developed  by  Blschler  in  1891  (26),    Bisciiler  applied 


the  well  known  reaction,  the  alkali  hydrolysis  of  nltroso- 
substituted  arylamlnes,  to  the  preparation  of  piperasine 
by  splitting  N,  N*-bis-(p-nitrosophenyl)-plperazine  with 
alcoholic  potassium  hydroxide, 

BrCH  -  CH  Br  CH  -  CH 

(Na  CO,)       /            \  {NaNO.-+HCl) 
PhNH  +  +  H  NPh   2 — 2^  pjjN  fiPh   ^  ^ 

\  / 

BrCH_-  CH  Br  CH  -  CH 


CH  -  CH  CH  -  CH 

/   2       \  (KOH)       /    ^  \ 

ON-PHN  NPh-NO  *m  NH    -+  HO-Ph-NO 

\^  y  (alcohol)    \  / 


The  intermediate  dinltroso  compound  had  been  previously  pre- 
pared by  Morely  (155)  through  treatment  of  N,  N»-diphenyl 
piperazine  with  sodium  nitrite  and  dilute  hydrochloric  acid. 
Sodium  carbonate  was  used  to  remove  the  HBr  in  the  ring  clo- 
sure reaction  between  aniline  and  ethene  dibromide. 

Various  Geraan  patents  have  been  granted  relating  to 
this  type  of  process.    One  of  tliese  (45)  utilizes  distillat- 
ion with  alcoholic  potassium  hydroxide  or  heating  with  an 
alkaline  earth  hydroxide  in  a  closed  vessel.    Another  method 
(57)  carried  out  by  boiling  with  dilute  alkali  as  the  method 
of  hydrolysing  the  dinitroso  ccwipound.    A  third  process  (55) 
describes  the  preparation  of  piperazine  by  the  gradual  in- 
troduction of  an  alkaline  solution  of  sodium  nitrite  and 
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N,  N»-bls-(p-hydroxyphftnyl)-piperazin©  into  ten  per-cent 
hQrdrochlorlc  acid  with  cooling,  which  is  then  followed  by 
hydrolysis. 

A  procedure  was  described  by  Morera  (154),  In  which 
he  claimed  good  results,  by  boiling  aniline  and  ethene  dibro- 
mide  together  for  three  hours;  the  base  is  liberated  by  soda 
and  the  liberated  base  extracted  with  benzene.    The  extract 
is  distilled  at  atmospheric  pressure  to  remove  the  benzene 
and  then  distilled  in  vacuum;  tiie  product  is  nitrosified 
with  sodixim  nitrite-hydrochloric  acid  mixture  in  ice  and  is 
then  hydrolyzed  with  sodium  hydroxide. 

Sanna  and  Oliverio  (135)  describes  a  shortened  process 
In  which  p-nitrosoanillne  is  utilized  for  the  alkylation  of 
•thene  dibromide.    The  p-nltrosopnenol  obtained  in  the  hydrol- 
ysis reaction  can  be  recovered  and  converted  to  the  p-nitro- 
soaniline. 

According  to  a  German  patent  (47)  the  hydrolysis  of 
aromatic  nitroso  derivatives  is  generally  facilitated  by 
treatment  with  sodium  bisulfite  or  some  other  form  of  sulfur 
dioxide.    Sulfonic  acid  derivatives  are  formed  which  readily 
rearrange  with  loss  of  the  amino  group.    A  patent  issued  to 
Volkmann  (19,  226)  applies  this  method  to  the  hydrolysis  of 
N,  N'-bis-(p-nitrosophenyl)-piperazine.     Pratt  and  Young 
(173)  gave  details  of  an  improved  synthesis  of  piperazine 
from  aniline  and  ethene  dibrcwaide  which  utilized  the  sodium 
bisulfite  hydrolysis.    A  German  patent  (46)  describes  a 


process  of  obtaining  plperazine  by  treating  sulfonic  acids 
of  nitroslfled  dlphenylpiperazlne  with  alkali.  Another 
patent  issued  to  Mar jet  (43,  146)  stated  that  a  sulfonic 
acid,  or  preferably  a  polysulfonic  acid,  of  a  diaryl  pipera- 
»ine  could  be  hydrolyzed  by  alkali  to  yield  plperazine. 
Buaherer  (35)  reports  a  small  yield  of  plperazine  was  ob- 
tained by  sulfonatlon  of  N,  N»-bl8-{naphthyl) plperazine  and 
then  treating  the  sulfonic  acid  with  bisulfite  in  sodium 
hydroxide  solution  in  a  sealed  tube  at  140-160°. 

Plperazine  has  been  prepared  by  the  hydrolysis  of 
many  aryl-substituted  plperazines.    Gabriel  and  Stelzner 
(91)  prepared  1,  4-dibenzylpiperazine  by  treating  bromo- 
ethyl  benzyl  amine  with  excess  alkali.    The  1,  4-dibenzyl- 
plperazine  was  then  hydrolyzed  by  using  ten  per-cent  hydro- 
chloric acid  at  100°  (56),    The  hydrolysis  of  many  aryl- 
dlsubstltuted  plperazines  has  been  carried  out  by  Majert 
(145)  in  an  alkaline  medium  and  then  steam  distilling  the 
plperazine  into  an  acid  solution.    The  plperazine  was  re- 
covered as  the  hydrochloride  salt  which  would  yield  the 
plperazine  molecule  when  it  was  distilled  In  the  presence 
of  alkali.    The  hydrolysis  of  alpha  and  beta  dl-naphthyl- 
piperazlnes  may  be  carried  out  In  acid  solution  or  with 
solutions  of  calcium  and  zinc  chlorides  at  250°,  (56), 

A  German  patent  (52)  states  that  the  diaryl  plpera- 
zines may  be  hydrolyzed  by  other  means  than  by  acids  and 
alkali.    This  was  carried  out  by  suspending  the  plperazine 


compound  in  dilute  sulfuric  acid  and  then  treating  the  sus- 
pension with  sodium  di chroma te« 

The  alkylation  of  an  airyl  sulfonamide  with  ethene  dl- 
halide,  followed  by  the  hydrolysis  of  the  diarylsulf onyl 
piperazlne  would  serve  as  another  process  for  the  synthesis 
of  piperazlne.    The  process  which  consists  of: 

BrCH^-  CHgBr  CH2-  CHg 


2 


(Na  CO  )  /  \ 

ArSO-NH--»-  -+  H  NOSOAr   ^— ArSO  K  NSO  Ar 

BrCHg-  CHgBr  CHg-  CHg 


2  ArSO  OH    +  HN  NH 


Markwald  patented  this  process  in  1893  (157).    The  hydroly- 
sis can  be  carried  out  in  several  ways;  by  means  of  concen- 
trated sulfuric  acid  in  an  open  vessel  (51),  by  autoclaving 
with  dilute  acid  at  200-250°,  and  by  the  introduction  of 
sodium  into  boiling  amyl  alcohol  suspension  of  the  compound, 
followed  by  steam  distillation,  (53).    Chlorosulf onic  acid 
was  shown  in  a  German  patent  to  serve  as  a  suitable  hydroly- 
zing  agent  when  poured  Into  water,  (59).    Vinaver  (222) 
found  that  the  diary Ipiperazine  could  be  hydrolyzed  by  dil- 
ute sulfuric  acid,  in  an  open  vessel  at  130-200**.    He  also 
found  that  piperazlne  could  be  prepared  by  hydpolyzing 
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dl-p-toluenesulfonyl  plperazlne  with  sulfuric  eold* 

S«T«ral  artlolei  have  eppMred  on  the  reduction  of 
other  six  aoabered  ringa  ooatalning  nitrogen  In  the  !•  and 
4^  positions  to  plperaxlne*    A  Oerauui  patent  was  granted 
on  tl»  reduction  of  2,  S-^lketoplperaslne  by  aeans  of  sine 
dust  and  aqueous  alcoholic  sodlua  hydroxide*    A  similar  pro*" 
oess  was  carried  out  In  anhydrous  msjl  alcohol  with  sodluoi^ 
(49).    The  reduction  of  3,  e-dlketoplperaslne  was  also  In- 
vestigated by  Abderhalden  (1}«    The  reagents  tried  by  Abder- 
halden  includes  sine  In  acetic  acld^  zinc  In  faydrochlorlc 
add,  I>evarda*s  allc^  plus  dilute  alkali,  sodium  and  alcohol, 
and  oaleluB  and  water  In  the  presence  of  carbon  dioxide* 
Abderhalden  and  eo*workers  found  that  electrolytic  reduction 
was  not  as  satisfactory  as  the  chttaloal  reduction*  Kaxrrer 
(120)  reduced  dlhydroxy  dlhydropyraslne*    Virede  (241)  and 
eo»workers,  however,  reported  that  electry lytic  reduction 
Is  the  best  method  for  the  reduction  of  cyclic  lactla,  gly* 
cine  ani^drlde,  to  pli>eraslne« 


Tbey  obtained  a  yield  of  twenty-seven  per-cent  In  this  work 
(241)*    Wolff  (236)  reduced  pyrazlne,  the  unsaturated  plpera- 
slne  ring,  to  plperaxlne  by  means  of  sodium  and  alcohol* 
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The  methods  of  preparing  plperazine  by  hydrolysing 
scsne  other  products  are  most  generally  acconpanled  by  low 
yields  and  the  expense  and  labor  is  large  in  proportion 
to  the  quantity  and  value  of  the  product  obtained.  Many 
direct  alkylations  have  been  attempted  to  eliminate  the 
necessity  of  forming  an  intermediate  compound  which  would 
require  hydrolysis.    In  hydrolyzing  an  intermediate  pro- 
duct, the  process  is  confronted  with  many  unfavorable  as- 
pects such  as  steam  distillation,  concentration  of  large 
volvoaes  and  mechanical  losses.    An  early  attempt  to  syn- 
theslae  plperazine  is  described  in  a  German  patent  (50), 
In  which  the  synthesis  is  accomplished  by  the  heating  of 
a  sodium  glycollate  with  an  acid  derivative  of  ethene  dia- 
mine at  250-300°.    The  basis  of  another  process  was  the 
h«ating  of  a  sodium  caapound  of  dlacylethene  diamine  with 
anhydrous  glycol  or  ethene  dlbranide  in  xylene  as  diluent 
at  200*^,  (54).    This  process  is  not  considered  of  very  great 
importance  because  of  tlie  equipment  that  is  required  to 
carry  out  the  reaction. 

A  ninety  per-cent  yield  of  plperazine  was  claimed  by 
Garelli  and  Racclu  (97)  by  delnydrating  ethanolamine  with 
an  excess  of  ninety  per-cent  sulfuric  acid.    This  reaction 
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was  carried  out  at  90°  -  140°  for  a  short  period  of  time. 
This  same  procedure  was  Investigated  by  Rollins  and  Calder- 
wood  (179)  and  they  were  unable  to  obtain  piperazine.  They 
did  obtain,  however,  amlnoethane  sulfonic  acid* 

Grosberg  (105)  obtained  a  patent  for  the  synthesis  of 
piperazine*    The  procedure  consisted  of  heating  ethene  dia- 
mine with  an  ester  such  as  ethene  glycol  monoacetate  for 
twenty-four  hours  at  200°-  300°.    '-i^inc  chloride  was  suggested 
as  a  possible  catalyst  for  this  reaction. 

The  reaction's  which  involve  the  alky lat ion  of  an  amine 
with  an  amine  with  the  elimination  of  amiuonia  have  been  ap- 
plied to  the  preparation  of  piperazine.    This  reaction  was 
the  basis  of  the  reaction  carried  out  by  Ladeburg  (129)  and 
Abel  (130),  in  which  they  prepared  piperazine  by  heating 
ethene  diamine  dihydrochloride, 

2  HCIH  NCH^-  CH„NH  HCl 
2      2       2  2 

The  piperazine  obtained  here  was  the  l^drochlorlde  salt  and 
is  not  recommended  as  an  economical  method  for  the  prepara- 
tion of  anhydrous  piperazine.    Hoftnann  (112)  carried  the  in- 
vestigation fixrther  and  found  that  the  hydrochloride  of 
piperazine  is  formed  by  heating  the  hydrochloride  of  diethene 
triamine  or  of  triethene  triamine.    The  by-product  in  this 
reaction  as  well  as  that  of  Ladenbur^.  and  Abel  is  amaonium 


^Hg-  CH^ 


HCIHN  NHHCl  -f  2  NH  CI 

\  / 

CH  -  OH, 


chloride^    Plperazino  was  also  obtained  by  heating  ethene 
diamine  hydrochloride.    Several  patents  have  been  granted 
to  Wilson  (40,  41,  231,  232,  233)  and  Carbide  and  Carbon 
Chemical  Corporation  on  this  process.    The  ring  closure  of 
dlethene  trlamine  and  one  of  its  hydrochlodlree  was  effected 
by  heating  to  220°  under  a  pressure.    The  plperazlne  was  ob- 
tained by  distillation  from  an  alkaline  medium, 

Kyrldes  (128)  perfected  a  process  In  the  formation  of 
plperazlne  by  splitting  amaionia  from  dlethene  trlamine  by  a 
catalytic  procedure.    The  reactants  were  heated  to  200-300° 
for  twentr-four  hours  in  the  of  a  catalyst.    Nickel,  platinum, 
cobalt  and  copper,  etc..  In  the  finely  divided  state  were 
found  to  be  suitable  catalysts.    Yields  of  fifty  per-cent 
were  claimed  for  this  process  but  actual  practices  gave  much 
lower  yields. 

Kitchen  found  that  anhydrous  plperazlne  could  be  syn- 
thesized by  the  catalytic  dehydration  of  N-(B-hydroxyet}^l) 
ethene  diamine  in  a  pressure  bomb  (124),    A  similar  method 
was  outlined  in  a  patent  application  granted  to  Poppenberg 
(172).    In  this  process  the  ring  closure  was  effected  by 
the  removal  of  water  at  a  temperature  of  200-300°  in  the 
presence  of  ammonivim  salts.    The  product  obtained,  however, 
was  in  the  form  of  a  salt  and  is  therefore  a  much  more  com- 
plicated process  than  that  of  Kitchen's.    The  ring  closure 
of  N-(B-hydroxyethyl) ethene  diamine  was  snown  by  Kitchen  to 
give  plperazlne  in  fifty  per-cent  yields  in  the  presence  of 
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an  Inert  solvent.    The  catalysts  used  consisted  of  copper- 
chro3aiium  oxide,  Raney-Nickel,  activated  alumina,  silica  gel. 
Puller's  earth,  barlm  oxide,  chrcmic  oxide,  cupric  oxide, 
reduced  iron,  palladium,  stannous  oxide,  Norite  and  vermicu- 
lite.    The  highest  yield  of  fifty  per-cent  was  obtained  with 
Raney-Nickel,    In  this  process  Kitchen  claimed  thJt  there 
was  a  small  yield  of  pyrazine  formed.    This  work  was  repeated 
by  Goulding  (104)  and  it  was  found  that  there  was  an  excess 
of  hydro{^en  present  in  the  reaction  bomb  and  that  no  pyrazine 
could  be  found  as  stated  by  Kitchen. 

The  catalytic  ring  closure  of  N- (B-hydroxy ethyl )ethena 
diamine,  using  Raney-Kickel,  was  investigated  by  Moulding 
(104)  and  it  was  found  tliat  a  yield  of  seventy  per-cent  anhy- 
drous piperazine  could  be  obtained.    This  reaction  was  car- 
ried out  in  anhydrous  butanol-1,  using  Raney-Nickel  in  the 
high  pressure  bomb  at  200®. 

Sanna  (183)  found  that  piperazine  could  be  prepared 
by  treating  p-nitrosoanillne  with  ethene  dibrcsnide  in  the 
presence  of  potassium  carbonate  and  hydrolyzing  the  bis-(p- 
nitrosophenyl) piperazine.    He  also  found  that  the  di sub- 
stituted piperazine  could  be  hydrolyzed  with  ammonia  and 
ammonium  chloride  instead  of  potassium  hydroxide  so  that 
in  addition  to  piperazine  the  p-nitrosoaniline  is  recovered 
in  practically  quantitative  yields. 

A  study  was  made,  by  Birkofer  (25),  to  determine  the 
Influence  of  the  residue  on  the  nitrogen  atom  upon  catalytic 


debenzylatlon.    He  carried  out  hydrocenations  at  room 
temperature  and  at  ataiospherlc  pressure  In  ethanol  or 
acetic  acid  using  palladiuia  oxide  or  platinum  oxide  as 
catalyst.    Birkofer  found  that  1,  4-dlbenzylpiperazlne  in 
acetic  acid  gives  a  ninety-two  per-cent  yield  of  pipora- 
zine  diacetate  when  palladium  oxide  was  used  as  the  catalyst, 
Chitwood  and  McNamee  (63)  found  that  piper azinopipera- 
zine  could  be  obtained  by  reacting  glyoxal  with  excess  ethene 
diamide  or  substituted  ethene  diamines,  such  as;  propylene 
diamine  in  alcohol  or  water  as  solvent.    In  a  patent,  recent- 
ly assigned  to  Carbide  and  Carbon,  Chitwood  (64)  found  that 

1-  ,  2-,  3-,  and  4-substltuted  plperazine  compounds  could  be 
obtained  by  hydrogenating  piperazinopiperazine  compounds. 
The  hydrogenation  was  carried  out  in  liquid-pliase  in  the 
presence  of  a  catalyst;  nickel,  copper,  pallasium  etc.,  a- 
rovmd  90°,    By  this  method  there  may  be  prepared  1,  4-di- 
butylpiperazine  from  N,  N',  N»»,  N » ' « -tetrabutyl  piperazlno- 
piperazine.     In  a  similar  manner  piperazlnes  substituted  in 

2-  OP  3-  position,  e.  g.,  2-methylpiperazine,  can  be  prepared. 

2.  Discussion 
There  are  many  methods  known  for  the  production  of 
plperazine  but  most  of  them  are  impractical  for  commercial 
production.    Of  the  few  syntheses  that  are  carried  out  on 
a  comriiercial  scale,  most  of  them  have  numerous  disadvantages. 
The  catalytic  method  of  alkylatlon  of  amines  with  alcohols 
appears  to  be  of  sufficient  importance  to  warrent  a  patent 
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application  by  Kitchen  and  Pollard  (171).  This  method  is 
a  new  and  useful  method  of  synthesizins  piperazine  where- 
by the  anhydrous  material  can  be  conveniently  obtained. 

The  piperazines previously  prepared  were  synthesized 
mainly  fron  amines  and  amino-alcohols.    In  the  case  of  each 
ring  closure,  two  molecules  of  the  amine  or  amino-alcohol 
were  involved,  and  two  molecules  of  water  were  split  out 
as  the  result  of  ring  closure*    Either  a  diethAnolamina 
reacted  with  a  primary  amine  or  two  molecules  of  the  die- 
thanol  amine  type  reacted  to  form  a  piperazine  ring  with 
the  splitting  off  of  two  molecules  of  water.    Prc»n  thla 
type  of  reaction,  there  is  a  possibility  of  many  side  react- 
ions.   This  tendency  is  reduced  and  there  remains  only  the 
possibility  of  linear  polymer  formation,  as  a  side  reaction, 
when  the  nitrogen  at(»n  already  is  partially  substituted. 
This  advantage  is  illustrated  by  N-cycloheatylethanolamine 
which  cyclizes  to  form  1,  4-dicyclohexylpiperazind. 


CH  -CHIOH 
'    2  2 


H  -  CH 
2  2 


\ 

N-C  H  -h  2  H  0 
^      6  11  2 


■-N-CHg-  CHg-N-CHg-  CHg-' 
^6^1 


^6^1 


4-2X  HgO 


X 


When  the  defcgjrdroconation  reaction,  as  applied  by  Pop- 
penberg,  is  applied  to  the  synthesis  of  piperazine  itself. 
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It  la  apparent  that  many  side  reactions  are  possible  by 
blmolecular  reaction.    Tills  leads  to  many  linear  and 
branched- chain  polymers  that  are  undesirable. 


NH, -I-  NH— *-im  NH  +  H  NCH  CH  NHCH^CH  NH 

3  /  \  722222 


HOCH^CH^N  NCH„CH„OH 
2    2^  /      2  2 


HOCH  CH 


N-CH  CH  NHCH  CH  OH    ,  etc. 

HOCHgCHg 

This  type  of  reaction  is  undesirable  because  ammonia  is  less 
reactive  towaird  alkylatlon  than  Is  a  primary  or  secondary 
ODiine. 

It  Is  apparent  that  the  optimum  reaction  would  be  an 
Intramolecular  dehydrogenation,  in  which  only  one  molecule 
of  water  is  removed  per  molecule  of  plperazine  formed.  By 
this  method  of  synthesis,  it  is  apparent  that  side  reactions 
are  brought  to  a  minimum.    Because  of  this  fact,  the  compound 
N-{B-hydroxyethyl)ethene  diamine  was  selected  for  the  start- 
ing material  in  the  works  of  Kitchen  (124)  and  Gouldlng  (104), 


47. 


1 


CH  -  CH  -  OH  .CH  -  CH 

^22  /      ^  ^\ 

H-N   -il-IJ  N-H   +  H  0  . 

\  \      ./  ^ 

CI^-  CHg-MHg  CHg-  Cttg 

The  starting  material  in  the  work  of  Kitchen  and 
Gouldlng  is  available  from  Carbide  and  Carbon  in  cranmercial 
quantities.    There  has  been  little  demand  for  this  material 
in  the  past,  but  since  its  ideal  qualities  have  been  demon- 
strated for  the  synthesis  of  piperazlne,  it  may  be  in  more 
demand  in  the  futtire.    While  there  has  been  no  great  techni- 
cal demand  for  this  laaterial,  it  is  available  in  considerable 
amounts  as  a  by-product,  foriied  during  the  maniifacture  of 
ethene  diamine,  diethene  triamine  and  other  polyethene  poly- 
amines.    In  the  event  th&t  this  material  should  ever  be 
available  in  inadequate  amounts,  it  can  be  readily  synthe- 
sized by  alkylating  ethene  diamine  with  ethene  oxide  (124, 
126).    Ethene  diamine  is  available  in  high  yields  from  the 
ethene-chloride-amiaonia  reaction,  and  larger  amounts  are 
available  as  a  by-product  in  the  manufacture  of  ethene 
chlorohc^drin, 

3.    Catalytic  Alkylation  Method 
The  present  invostigation  of  catalytic  vaphor-phase 
alkylation  was  prompted  by  the  results  of  other  investi- 
gators.   The  vapor-plmse  alkylation  of  aromatic  amines  with 
alcohols  has  been  investigated  by  Maihle  and  de  Godon  (144), 
Brown  and  Re id  (32),  and  by  Shuikin  and  co-workers  (195,  197). 
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They  obtained  high  yields  and  found  that  effective  catalysts 
were  oxides  of  aluminiim,  titanium,  iron  and  silica  gel.  The 
simultaneous  dehydration  of  ethanol  and  anaaonla,  using  alum- 
ina catalyst  have  been  reported  by  Shulkin  and  co-workers 
(196). 

The  formation  of  bensylphenylamine  by  the  alkylatlon 
of  phenylethyl  amine  with  benzyl  alcohol,  in  the  presence 
of  palladiium  catalyst,  by  Klndler  and  co-workers  (123)*  The 
alkylatlon  of  primary  and  secondary  amine  with  alcohols  by 
the  use  of  copper- ciiromixjm  oxide  catalyst,  have  been  report- 
ed by  Adkln  and  co-workers  (109,  166,  193) •    The  use  of 
nickel  as  a  catalyst  has  also  been  investigated  (6a,  193, 
233a).    Bain  and  Pollard  (16,  17,  18)  have  applied  this 
method  to  the  preparation  of  plperazine  derivatives  from 
amines  and  amlno-alcohols  (171), 
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4.      2,  3-dlketopip©razin« 


Th«  work  of  Aspinall  (10)  danonst rated  a  method  of 
preparing  monoketoplperazine.    The  ease  and  yield  of  this 
synthesis  appeared  to  point  out  a  method  in  which  2,  3- 
dlketopiperazine  could  bo  prepared  by  reacting  ethylene  dia- 
mine with  diethyl  exylate.    Hofmann  (111)  investigated  the 
reaction  between  etiiylene  diamine  and  diethyl  exylate  and 
fotind  that  2,  3-diketopiperazine  could  be  prepared  by  this 
method.     In  order  to  determine  the  yield  of  2,  3-diketoplp- 
erazine,  the  author  performed  the  Hofmann  synthesis  and 
foiand  that  a  maximum  yield  of  about  one  per-cent  could  be 
obtained  under  favorable  conditions.    Another  synthesis  of 
2,  3-diketoplperazine  was  carried  out  by  van  Alphen  (224) 
using  a  different  method  of  reacting  diethyl  exalate  with 
ethylene  diamine.    Tlie  synthesis  of  van  Alphen  required  ap- 
proximately four  weeks  for  completion  of  the  reaction. 
The  yield  was  very  poor,  due  to  side  reactions.     In  light 
of  the  previous  efforts  to  prepare  2,  3-dlketoplperazlne, 
another  effort  has  been  made  to  synthesize  this  long  known 
compoimd.    The  present  method  consists  of  reacting  anhydrous 
ethylene  diamine,  in  anhydrous  1,  4-dloxane,  with  oxamide. 
EXPERIMENTAL:  -  Sixty-three  grams  of  finely  powdered  oxamide 
was  placed  in  a  three  necked  flask.    The  three-necked  flask 
was  fitted  wltli  an  electric  stirrer,  reflux  condenser,  and 
an  electric  heater.    Sixty  grams  of  ethylene  diamine  con- 


tained  In  two  hundred  and  fifty  ralllilltera  of  anhydrous 
1,  4-'dloxano  was  then  poured  into  the  three-necked  flask 
with  the  finely  powered  oxaalde*    Two  milliliters  of  con- 
centrated hydroclilorlc  acid  was  added  as  a  catalytic  agent. 

The  mixture  was  heated  to  refliix  temperature  with 
vigorous  stirring.    The  stirring  was  aoccMnpllshed  by  means 
of  a  collapsible  stainless  steel  stirrer  which  swept  the 
sides  of  the  flask.    The  reflux  temperature  with  stirring 
was  continued  for  twenty-four  hours  or  until  ansaonla  was 
no  longer  evolved. 


dioxane  ethylene  dianine  mixture,  slowly  formed  a  yellowish 
amorphous  substance  that  had  a  tendency  to  stick  to  the 
aides  of  the  flask  and  stirrer.     If  the  reacting  mixture  is 
not  stirred  vigorously  and  the  material  swept  from  the  sides 
of  the  flask,  charring  of  the  material  beccanes  evident.  There 
is  no  evidence  of  charring  on  the  stainless  steel  stirrer. 

When  amaionla  was  no  longer  evolved,  the  heating  was 
stopped  and  the  flask  cooled.    The  cooled  mixture  had  a 
large  amount  of  solid  material  that  had  to  be  broken  up  to 
remove  it  from  the  three-necked  flask.    The  entire  mixture 
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The  finely  divided  oxamide,  suspended    in  the  1,  4- 
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was  poured  out  of  the  flask  Into  a  beaker.    The  solvent,  1, 
4-d.ioxane,  was  removed  fro-n  the  solid  material  by  filtering 
on  a  Buchner  funnel.    The  solvent  was  evaporated  in  vacuo 
and  the  solid  material  ccwttbined  with  the  material  in  the 
funnel. 

The  solid  material  formed,  in  the  reaction  was  masser- 
ated  In  several  liters  of  boiling  water.    The  hot  water  ex- 
tract was  filtered  on  a  hot  Buchner  ftmnel.    The  filtrate 
contained  the  2,  3-dlketopiperazine.    When  one-tenth  of  the 
filtrates  was  evaporated,  a  dark  colored  crystaline  pre- 
cipitate appeared.    This  material  was  filtered  out  on  & 
Buchner  funnel.    This  material,  light  brown  in  color,  had 
no  melting  point  and  charred  sonewhero  above  350°,  Since 
there  was  only  a  very  small  quantity  of  this  material,  no 
further  work  was  done  on  this  product.    It  is  thought,  how- 
ever, that  this  material  may  be  some  condensation  product 
of  2,  3-dlketopipera«ine. 

The  above  filtrate  was  evaporated  to  one-tenth  of  its 
orirlnal  volume.    A  light  cream  colored  precipitate  appear- 
ed that  was  only  soluble  in  boiling  water.    The  color  of 
this  material  is  white  with  a  faint  cream  colored  cast  when 
dry.    The  dried  product  had  a  decomposition  point  of  285**. 
On  slow  heating  the  white  material  changed  to  a  brick  red 
substance  around  135°  and  did  not  melt  below  350°,  This 
compoimd  charrs  around  425°  (uncorr.).    When  the  copper 
block  melting  point  apparatus  was  heated  to  275°  and  the 
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melting  point  tube  containing  the  white  product  put  into 
it,  the  white  material  decomposed  at  285°, 

The  theoretical  yield  of  2,  S-diketopiperazine  is 
81 .6  grams. 

A  yield  of  41.1  grams  of  material  melting  at  235° 
was  obtained. 

The  per-cent  yield  of  2,  3-diketopiperazine  is  50.3, 
Melting  point  of  2,  3-diketopiperazine:  M.p.  285°(dec. )  (£;24) 
Melting  point  of  reaction  material:         M.p.  285° (dec.) 
Melting  point  of  1,  4-dixxitro-2,  3- 

diketopiperazine:  M.p.  150° (dec. ) (224) 

Melting  point  of  1,  4-dinitro  derivative 

of  material:  M.p.  150°(dec.) 
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S»     Nickel  Palmetato 


Two  hundred  and  fifty-six  and  a  half  grams  of 
palmetlc  acid  Is  melted  in  one  liter  of  distilled  water 
at  lOO*^,    A  saturated  solution  of  potassium  hydroxide, 
containing  fort^-^-five  grams,  is  slowly  mixed  with  the 
molted  palmetlc  acid.    This  mixture  is  mixed  with  heat- 
ing until  completely  saponified.    The  saponified  mixture 
is  then  filtered  on  a  Buchner  funnel  to  remove  solid  sus- 
pended material* 

One  hundred  and  forty-five  grams  of  nickelous  nitrate 
is  dissolved  in  one  and  a  half  liters  of  distilled  water 
and  then  added  to  the  solution  of  sodium  palmetate  with 
agitation.    V/hen  the  reaction  is  completed,  the  precipi- 
tate is  allowed  to  settle.    The  precipitate  is  washed  three 
times  by  decanting  and  then  fllteied  on  a  Buchner  funnel. 

The  precipitate  is  then  washed  with  two  hundred 
milliliters  of  ethanol  to  remove  the  excess  palmetlc  acid, 
and  then  air  dried  to  constant  weight.    The  air  dried  nickel 
palmetate  is  then  mixed  with  six  per-cent  of  its  weight  of 
purified  palmetlc  acid  in  a  morter. 

The  free  palmetlc  acid  is  added  to  act  as  a  binder  in 
the  preparation  of  catalyst  in  the  pellet  fom. 

The  inorganic  analysis  of  impurities  in  the  nickel  pal- 
metate is; 
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cobalt  0.10^  lead  0.005^ 

copper  0,02^  zinc  0.050^^ 

iron  0,01^ 
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C,  EXPERIMENTAL 


X,  Introduction 

The  following  ©xperimantal  work  was  undertaken.  In 
the  syntheses  of  pyrazine  and  piperazine,  to  show  that  a 
continuous  vapor<-phare  process  for  simultaneous  ring  clo- 
sure and  dehydrogenation  of  N-{3-hydroxyethyl) ethane  dia- 
mine could  be  perfomed  at  reduced  pressures. 

In  order  to  accomplish  the  vapor-phase  syntheses  of 
pyrazine  and  piperazine,  it  was  foi^nd  that  a  new  type  of  ap- 
paratus had  to  bo  constructed  which  would  give  the  required 
performance.    The  requir«aont8  of  such  an  apparatus  were  that 
it  keep  the  vaporized  material  iindei'  constant  control  at  all 
times  and  maintain  the  various  temperatures  at  the  desired 
points.    With  this  apparatus,  described  later,  all  of  the  re- 
quirements for  successful  operation  were  accomplished. 

The  starting  material,  for  the  syntheses  of  pyrazine 
and  piperazine,  is  N-{B-hydroxy ethyl )etheno  diamine.     It  is 
thought  that  the  first  reaction  is  one  of  dehydration  of  the 
molecule  to  give  the  1,  4-heterocyclic  compoxAnd,  piperazine. 

Z'^-  CH^-  OH        _^  ^  ^H3- 

HN^   2 — „    jQj  \g 


\  \ 
The  next  reaction  is  thought  to  be  one  of  dehydrogenation 
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of  the  plperazlne  molecule  to  give  pyrazine. 

Since  the  dehydrogenation  product,  pyrazine,  was  the 
desired  end-product,  the  catalysts  were  selected  with  the 
idea  of  obtaining  maximum  yields  of  pyrazine.    It  was  found, 
however,  that  in  almost  every  case,  piperazine  was  produced 
in  greater  quantities  at  300 and  400°,  whereas,  pyrazine  was 
always  produced  as  the  major  product  at  200°« 

There  was  very  little  evidence  of  molecular  decomposit- 
ion in  the  control  rvin  at  200 without  a  catalyst.    In  the 
experimental  control  runs  at  300°  and  400^  at  50  nan.  pressure, 
large  amounts  of  carbon  and  decomposition  products  were  formed. 
No  pyrazine  or  piperazine  was  foiind  in  the  control  runs  at  200°, 
300°  or  400°;  but  ethene  diamine,  ethanol  and  ethanol  amine  were 
found  in  the  condensate  of  the  vapors.    This  indicates  that 
molecular  fission  and  molecular  decomposition  occurred  without 
molecular  rearrani;:ement  when  no  catalysts  were  used  in  the  re- 
action tube.    These  products  were  also  found  in  the  experiment- 
al runs  with  all  catalysts. 

An  attempt  was  made  to  find  an  explanation  for  the  mole- 
cular fission,  dehydration  and  dehydrogenatlon  by  the  method 
presented  by  Whitmore  (230a),    This  attempt  was  abandoned  be- 
cause of  lack  of  evidence  that  would  support  the  theories  of 
Whitmore,    Additional  work,  however,  is  anticipated  on  this 
phase  of  catalytic  vapor-plmse  reactions. 
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2.  Equipment 


The  apparatus,  Plate  1.,  for  the  catalytic  vapor-phase 
synthesis  of  plperazine  and  pyrazine  Is  unique  In  design  and 
operation.  The  apparatus  Is  designed  to  run  at  either  re- 
duced pressures  or  at  atmospheric  pressure.  All  of  the  pre- 
sent v/ork,  however.  Is  run  at  reduced  pressures.  The  design 
permits  llqtilflable  solids,  such  as  plperazine,  as  well  as 
liquids  to  be  subjected  to  vapor-phase  reactions.  All  heat- 
ing Is  acdoapllshed  by  electric  heaters. 

The  apparatus  shown  In  Plate  1.  consists  of  seven  pie- 
ces:   1.  a  preheater  or  raeltlng  tube,  2.    a  drop  counter,  3. 
a  vaporizing  flask,  4.    the  catalytic  reaction  tube,  5.  a 
condensing  head,  6.    a  thermopile,  7.    an  expansion  condenser 
and  vapor  trap. 

1.  The  preheating  or  melting  tube  consists  of  a  grad- 
uated tube,  twelve  inches  in  length,  with  a  4  mm.  stopcock 
at  the  bottoa  and  attached  to  a  No.  20  standard  taper.  The 
top  of  the  preheater  has  a  No.  25  standard  taper  that  can  be 
fitted  with  a  standard  taper  plug  wiilch  has  a  2  mm.  stopcock 
attached. 

2.  The  drop  counter  consists  of  a  female  No.  20  stand- 
ard taper  connected  to  a  male  No*  20  standard  taper.  A  drlp- 
polnt  Is  formed  at  the  junction  of  the  two  standard  tapers  to 
allow  timing  of  the  drops  from  the  preheater. 

3.  The  vaporizing  flask  consists  of  a  200  ml.  round 
bottom  flask  which  has  two  standard  taper  connections . 
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The  standard  taper  Joints    are  a  No,  20  and  the  other  a 
No,  25  whose  axes  fom  a  45°  angle. 

4*    The  catalytic  reaction  tube  is  fitted  with  a  male 
No»  25  standard  taper  at  the  junction  with  the  vaporizing 
flask  and  with  a  female  No#  25  at  the  junction  of  the  con- 
densln^i  head.    The  reaction  tube  Is  of  "Vlcor"  glass  com- 
bustion tube  stock,  20  Inches  long  and  1  Inch  In  diameter. 

5»    The  condensing  head  Is  of  novel  design.    It  has  a 
cold  finger  condenser,  connected  to  the  condensing  head  by 
means  of  a  standard  taper  connection,  that  can  be  readily 
removed  for  cleaning  purposes,  as  shown  In  Plate  !• 

6«    The  thermopile  Is  constr'ucted  of  Iron- const  ant  an 
duplex  glass  covered  lead  wire  of  No.  30  B.  &  S.  gauge.  The 
Iron- const ant an  lead  wire  Is  obtained  from  Leeds  and  Northrup 
Co.    The  method  of  construction  and  reccaamendatlons  for  ther- 
mopiles, as  given  by  Wood  and  Cork  (242),  Is  followed  for  the 
construction  of  the  Iron-constantan  thermopile.    The  thermo- 
pile Is  calibrated  against  a  standardized  thermometer.  A 
Hosklns  type  PA  Indicating  pyrometer  Is  used  In  conjunction 
with  the  thermopile. 

7.  The  expansion  condenser  and  vapor  trap,  not  shown 
In  Plate  1.,  consists  of  tiiree  concentric  tubes.  The  Inner 
tube  and  tiie  tube  on  the  outside  are  connected  together  and 
ice  water,  at  0®^  Is  circulated  through  them.  The  expansion 
condenser  Is  connected  to  a  vapor  trap  by  means  of  a  No.  30 
standard  taper.    The  vapor  trap  Is  Immersed  In  an  Ice-hydro- 
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Plate  No.  1 


chloric  acid  mlxturo  contained  in  a  Dewar  flask  for  cool- 
ing. 

The  preheating  or  melting  tube  is  heated  by  a  spiral 
heating  element  which  is  stretched  longitudinally  outside 
of  the  preheating  tube  and  enclosed  within  a  glass  jacket. 

The  vaporizing  flask  is  heated  by  a  hemispherical 
heating  unit  that  stirrounds  the  lower  half  of  the  flask •  ' 

The  catalytic  reaction  tube  is  heated  by  a  clam- type 
heater  which  is  constructed  from  ceramic  refractories  ob- 
tained from  Fischer  Scientific  Company,    The  refractories 
are  held  together  with  a  hinged  angle-iron  frame,    A  pair 
of  heating  elements,  having  a  total  resistance  of  39,2  ohms, 
were  placed  inside  of  the  refractories.    The  heating  ele- 
ments are  connected  with  a  series  of  matched  slide  resistan- 
ces as  shown  in  Figure  1,    The  heating  elwaents,  H^^  and  Hg, 
are  made  of  Hichroaae  resistance  wire.    Each  heating  elffltient 
has  19,6  ohms  resistance*    The  slide  resistances,  R^^,  Rg, 
and  R^,  are  matched  variable  slide  resistances*  Each 
slide  resistance  has  a  capacity  of  3*6  amperes  and  5*7  ohms 
resistance*    The  circle  in  Figure  1*  containing  the  letters 
IL,  2,  5,  and  4  designate  a  General  Electric  three  heat 
switch.    When  the  G,  K*  switch  is  on  "mediun",  only  one 
heating  element  is  heating.    When  the  G,  E*  switch  is  on 
"high"  both  heating  elements,  11^  and  Hg,  are  In  parallel  and 
the  variable  slide  resistance*,        and  Rg,  are  in  parallel 
and  variable  slide  resistances  R    and  R    are  in  parallel. 
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When  the  G.  E.  switch  is  on  low  both  heating  elements, 
and  H  ,  are  in  series  and  the  variable  slide  resistances 
^l»  ^2*  ^3         ^4  ^®       series.    When  additional  voltage 
regulation  is  required  a  15  ampere-8,8  oiaa  variable  resist- 
ance is  inserted  at  the  point  designated  by  a  circle  X, 

It  was  found,  however,  that  the  temperatxire  could  be 
more  easily  controlled  if  an  eijj;hteen  ampere  variable  volt- 
age transformer,  manufactured  by  American  Instrument  Company, 
were  used  instead  of  the  slide  resistances.    v;hen  using  the 
variable  voltage  transformer,  the  temperature  could  easily 
be  controlled  to  within  a  two  degree  range. 

To  set  up  the  apparatus  for  the  catalytic  vapor-phas© 
reactions,  the  following  procedure  was  used.    The  reaction 
tube  was  filled  with  short  glass  Rauschig-rings  to  a  depth 
of  five  inches.    The  thermopile  sheath  was  then  rested  on 
the  Rauschig-rings  and  held  in  the  center  of  the  reaction 
tube.    The  prepared  catalyst,  of  known  surface  area,  was 
then  poured  into  the  reaction  tube  around  the  thermopile 
sheath,    A  Witt  filter  disc,  with  a  hole  large  enough  to 
slip  over  the  thermopile  sheath  was  then  placed  in  the  re- 
action tube  to  hold  the  catalyst  in  place. 

All  of  the  standard  taper  connections  were  coated  with 
a  thin  smooth  coating  of  graphite  before  coating  th«a  with 
hot  vacuum  sealing  compound. 

The  reaction  tube  was  than  inserted  into  the  corres- 
ponding standard  taper  in  the  vaporizing  flask.    The  standard 


tapers  on  the  drop  counter  were  treated  in  a  sliallar  nanner 
and  Inserted  into  the  vaporizing  flask.  The  preheating  tube 
was  then  fitted  into  the  drop  counter.  The  condensing  head, 
containing  the  cold-finger  condenser,  was  then  fitted  to  the 
reaction  tube,  A  standard  taper  closure  was  fitted  into  the 
back  side  of  tlie  condensing  head  wnich  sealed  the  thermopile 
sheath. 

The  asserabled  apparatus  is  then  clamped  into  the  clasi- 
type  heater  contained  on  an  iron  frame,  as  shown  In  Plate  1. 
The  thermopile  is  inserted  into  its  sheath  and  then  connect- 
ed to  the  indicating  pyrometer.    The  vacuum  outlet  on  the 
condensing  head  is  connected  to  the  expansion  condenser* 
The  vacuum  outlet  on  the  vapor  trap  is  then  connected  to  a 
Zimmerman  mercury  gauge  whl^ch  allowed  the  presstire  to  be 
measured  to  one-tenth  of  a  millimeter. 

The  pressure  is  accurately  controlled  by  a  sulfuric 
acid  manostat  of  the  Hershberg-Hxmtress  type  (107a)  thtt 
was  connected  to  the  Zimmerman  gauge.    The  manostat  is  in 
turn  connected  to  a  vacuum  pimip.    The  action  of  the  vacuxam 
pump  on  the  manostat  can  be  checked  by  partially  closing  a 
stopcock  placed  between  the  puap  and  the  manostat.  Fluctu- 
ation is  minimized  by  placing  a  five  gallon  bottle  between 
the  manostat  and  the  system. 

The  parts  of  the  apparatus  through  which  vapor  passes 
are  covered  with  several  layers  of  glass  wool.    This  is  nec- 
essary to  prevent  excessive  loss  of  heat  and  to  insure  uni- 
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form  heating  of  the  apparctus.    The  vaporizing  flask  is 
heated  to  approximately  100**  above  the  boiling  point,  of 
the  N-(B-hydroxyethyl)ethene  disciine,  at  the  pressure  of 
operation.    This  is  necessaj^y  to  maintain  iitimediate  vapor- 
izing of  all  material  entering  the  vaporizing  flask  and  to 
Insure  a  vmiforni  flow  of  vapor  through  the  reaction  tube. 

The  catalyst,  whose  composition  is  shown  later,  is 
pelleted  in  a  die  made  for  this  purpose;  shown  in  Figure 
2,    The  catalytic  material  in  powder  form  la  poxired  into 
the  die  and  the  powder  pressed  into  quarter-inch  tablets 
on  a  hydraulic  press.    The  tablets,  as  produced  in  the 
pelleting  die,  are  then  quartered  with  a  sharp  knife  before 
using  in  the  reaction  tube.    The  volume  of  the  catalyst  is 
determined  by  the  conventional  liquid  displacement  method. 

The  operation  of  the  apparatus  is  very  simply  carried 
out.    The  stopcock  at  the  bottcaa  of  the  preheating  tube  is 
shut  off  and  the  desired  number  of  grams  of  N-{B-hydroxy eth- 
yl )ethene  diamine  is  poured  into  the  preheat er  which  is 
maintained  at  100**  at  atmospheric  pressure.    The  vaouxan  is 
started  and  the  desired  pressure  is  accomplished  by  the 
proper  adjustment  of  the  manostat.    The  cold  finger  con- 
denser in  the  condensing  head  and  the  expansion  condenser 
are  connected  in  series  and  cold  water,  at  0°,  is  first 
circulated  tlirough  the  expansion  condenser  and  then  through 
the  cold  finger  condenser  before  returning  to  the  cold  water 
reservoir.    As  the  vapor  passes,  tlirough  the  reaction  tube. 
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into  the  condensing  head.  It  coaes  into  contact  with  the 
cold  flncer  condenser  which  condenses  the  vapor  to  a  liq- 
uid.   The  liquid  is  caught  in  a  receiving  flask  as  shoro 
in  Plate  1. 

The  reacted  mixture  is  fractionated  by  distilling 
through  a  15  Inch  column  packed  with  quarter- inch  Berl 
saddles  and  provided  with  a  Hopkins  type  condenser.  The 
condenser  was  designed  for  the  distillation  of  solids,  be- 
ing fitted  to  the  distillation  head  by  a  standard  taper 
conriectlon.    Ttais  it  could  be  removed  from  the  head  when  It 
is  desired  to  scrape  off  any  adhering  piperasine.    The  con- 
denser was  provided  with  an  off -set  drip-point  so  that  the 
amount  of  reflux  could  be  regulated  a  certain  amount  by 
rotating  the  condenser  in  its  standard  taper  connection. 

The  distilling  column  is  provided  with  an  electri- 
cally-heated jacket.    In  all  cases  the  distilling  flask  was 
heated  by  an  electrical  heater  which  mlnimlaed  bumping  by 
even  heat  distribution  on  the  lower  hemispherical  surface 
of  the  flask.    This  type  of  heating  made  it  possible  to  a- 
▼old  super-heating  the  contents  of  the  distilling  flask  and 
minimized  decomposition. 
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The  following  •zperiment  18  described  in  detail,  to 
•acoBpllfy  the  fucperiaental  eondltions  used  in  the  vapor- 
phase  experl»ent8»    Since  a  series  of  experiments,  were 
run  on  eight  different  oat&lysts,  the  results  of  the  experi- 
Mnts  are  divided  into  eight  £;roups«    Each  group  contains 
introductory  Infortaation  on  the  type  and  oomposition  of  cat- 
alyst, tables  of  experlaental  conditions  and  yields  of  pip<- 
erasine  and  pyrazine,  and  observations. 

When  the  catalyst  it^  placed  in  the  vapor-phase  appara- 
tus, it  is  calcined  by  hMting  the  catalyst  to  ^X)^  and  pass- 
ing hot  air  over  the  catalyst  for  72  hours.    This  procedure 
oxidised  all  of  the  organic  material  used  as  a  binder  and 
lubricant  in  the  preparation  of  the  catalyst. 

Aftco*  ths  calcining  has  been  completed,  the  preheater 
•ad  vaporljsizsg  flask  are  heated  to  100*'  azkt  235^  respective- 
ly*   The  cold  water  is  started  circulating  through  tlie  expan- 
sion condenser  and  condensing  head.    The  vap«r  trap  is  ioners- 
ed  in  an  ice-hydroohlorle  acid  mixture.    Tho  cold  end  of  the 
tharB»>pile  Is  imriersed  in  crushed  ice  containing  enough 
imiter  to  give  slight  fluidity. 

Warn  all  tenure tures  are  at  the  desired  points  and 
all  cooling  areas  sufficiently  chilled,  the  vacuin  is  regul- 
ated at  50  ran.  pressure.    Tlien  104.2  grams  of  H-(&-)iydrox7- 
etbyDethene  diamine  is  placed  in  the  preheater  and  allowed 
to  come  to  100°  -125°.    The  li-(B-hydroxyethyl)ethone  diamine 
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Is  then  allowed  to  drop  into  the  vaporizing  flask  at  the 
rate  of  one  drop  per  second.    The  timing  of  the  reaction 
is  started  as  soon  as  condensed  material  appears  in  the 
condensing  head  and  is  stopped  1,25  hours  later  when  the 
last  drop  of  condensate  appears. 

The  asiount  of  condoneato  is  weighed  in  a  tared  flask 
to  determine  tlie  amount  of  loss  due  to  carbonization,  Thle 
Inforraation,  visual  appearance  of  the  catalyst,  and  the  time 
required  to  recalcine  the  catalyst  is  used  to  determine  the 
condition  of  the  catalyst. 

The  reacted  material  is  washed  Into  a  500  ml,  flask 
with  250  ml,  of  benzene-etixanol  azeotrope,  boiling  point 
68,25*',  and  then  subjected  to  fractionation  on  the  15  Inch 
column  previously  described.    At  the  beginning  of  the  dis- 
tillation, there  was  a  tendency  for  the  liquid  to  bump  due 
to  slight  super-heating  which  disappeared  in  a  few  minutes. 
The  first  distillate  boiled  at  60®,  having  a  cloudy  appear- 
ance which  separated  into  two  layers  on  cooling.    The  boil- 
ing point  then  rose  to  64,85°,  the  boiling  point  of  the 
ternary  constant  boiling  mixture  containing  74,1  per-cent 
benzene,  13,5  per-cent  ethanol,  end  7,4  per-cent  water. 
When  most  of  the  water  had  distilled  over  in  the  azeotropic 
mlxtui'e,  the  boiling  point  gradually  rose  to  68,25**  when  the 
anhydrous  benzene-etlxanol  azeotrope  distilled  over.    After  the 
anliydrous  benzene-ethanol  azeotrope  had  been  removed,  the 
temperature  rose  from  78®  to  81°  where  the  ethanol  and  ben- 
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zeno  distilled  over.    When  all  of  the  benzene  and  ethanol 
had  been  removed,  tho  temporature  rose  rapidly  to  113°. 
The  receiver  was  changed  and  tho  fraction  boiling  at  113**  to 
125**  was  collected.    The  temperature  then  rose  rapidly  to  140 
and  the  receiver  was  clianged  and  anhydrous  piperazine  was  col- 
lected, boiling  mainly  between  140*^  and  150°,    The  residue  is 
a  viscous  brown  liquid.    During  the  dlatlllation  of  the  pipera- 
zine it  was  necessary  to  keep  the  piperazine  :aielted  as  it  flow- 
ed from  the  distilling  head  into  the  receiver  because  of  the 
tendency  of  the  product  to  solidify. 

The  fraction  boiling  at  US'*  to  125**  was  placed  in  a 
separatory  funnel  with  10,0  ml,  of  saturated  potassiuia  hydrox- 
ide and  the  mixture  was  then  extracted  with  200  ml,  of  ether. 
The  ternary  constant  boiling  mixture  was  made  acid  with  a  few 
drops  of  concentrated  hydrochloric  acid  and  then  an  excess  of 
saturated  mercuric  chloride  was  added  to  it,    A  wMte  precipi- 
tate formed  Immddiatdly,    Tills  precipitate  was  filtered  out  and 
placed  in  an  Erlemeyer  flask  containing  an  excess  of  saturated 
potassium  l^droxlde.    The  potassium  iiydroxide  solution  was  ex- 
tracted with  ether.    The  ether  extracts  were  combined  and  cool- 

o  o 
ed  to  0  ,  and  then  evaporated  in     vacuo  at  0  ,    The  solid  re- 
sidue was  taken  up  with  absolute  etlianol  and  distilled  on  a 
semimicro  distilling  column  to  give  the  anhydrous  pyrazine 
boiling  at  115,8°  to  116,3°  at  760,5  mm,  pressure. 

It  was  found  that  excessive  losses  of  pyrazine  occurr- 
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ed  in  the  distillation  of  anhydrous  pyrazine  so  two  runs 
were  made  under  similar  experimental  conditions.    The  two 
runs  wore  treated  as  in  the  method  above  with  the  exception 
that  in  one  run,  instead  of  diatlllln^ii;  the  anhydrous  pyra- 
zine, it  was  converted  into  the  mercuric  chloride  derivative. 
The  por-cont  pyrazine  was  calculatod  from  the  mercuric  deri- 
vative and  ccaapared  with  the  yield  of  anhydrous  pyrazine 
obtained  by  distillation.    A  12.0  per-cent  loss  of  f^razine 
was  found  to  occur  in  the  distillation  of  the  pyrazlne- 
cthar.ol  mixture.    Since  the  amount  of  anliydrous  pyrazine 
obtained  by  distillation  did  not  represent  the  correct  a- 
mount  of  pyrazine  fomed  in  the  reaction,  the  yields  of  py- 
razine wero  corrected  by  12,0  per-cent. 

A  fisall  trace  of  acetaldebyde  was  found  in  the  ternary 
benzono-ethanol-water  solution.    No  attempt  was  made  to  make 
quantitative  determinations  of  this  pznsduct  because  it  was 
so  small  and  a  by-product. 


71. 


3(b) •    Exaraplee  of  Calculations 


The  volume  of  vapor  passing  through  the  reaction  tube 

la  determined  by  the  formula,  PV  :=-£  R  T,    The  data  taken 

m 

fron  table  II,  line  4  is: 

?  —  50  mm,  ]f«W«=:  104,2  R=  0.082 

V  :^  ?  g.  -   94.6  T  -  400° 

V  —  (760^(50"^)  (0.082)  (94.6)  (104.2""^)  (673)  =  761.5  liters 

Marek  and  Hahn  (138a)  define  Space  Velocity  as  the 
volume  of  reacting  gas,  measured  at  normal  tanperature  and 
pressure,  passed  in  contact  with  unit  volume  of  the  catalyst 
per  hour.    The  velocity  of  vapor  reacted  \inder  operating 
conditions  is  first  deterained. 

Time  -  90  minutes         Voltmie  of  catalyst  =  20  ml. 

Volume  of  gas  =761.5  liters 
velocity  of  vapor  =-  (volirae)  (hours'^)  (volume  of  catalyst  ''") 

velocity  of  vapor  -  (761.5) (60) (90*^) (20"^) =25.38  liters- 

-1  ^  -1 
ml.  -hrs. 

The  velocity  of  vapor  per  hour  Is  then  converted  to  Space 
Velocity  at  normal  temperature  and  pressure  by  the  fowula 
PV  _  P»V*.  where 

P  —  50  nau  P»<=  760  BBa, 

V  =  25.38  liters  -ml.''"'--hr.'^       V»  =  ? 

T  =.  673®  T»  =  273° 

£5.53  X  50  _  760  x  V  ;V»  -  0.677  liters-hrs.'^-al."^  at  NTP 
 573  
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According  to  the  definition  of  M&rek  and  Hahn,  the  Space 
Velocity  is  0.677  liters  per  ml.  per  hour. 

In  the  reaction,  94.6  grama  of  the  K-(B-hQrdroayet]r^l) 
ethene  diamine  gave  2,0  grams  of  pyrazine  and  4.5  grama  of 
piperazine.    The  calculation  for  the  per-cent  yield  of 
pyrazine  follows: 

Q4:.6  ^  80  _  X    ;  X  -  72.6  graais  theoretical  yield  of  iTrazizie 

2.0     X    100    =     2.8  per-cent  yield  of  pyrazine 
72.6 

Since  piperazine  was  also  obtained  in  the  reaction,  the  nm- 

ber  of  grams  of  N-(B-hydro3cyethyl)  ethene  diamine  reqiiired  to 
BAke  2.0  grams  of  pyrazine  is  foimd  by  the  following  calcul- 
ations: 

2.Q    X    104.2    -    X  ;  X  -  2*9  grams  of  N-(B-hydroxyethyl) 
SD 

ethene  diamine  required  to  make  2.0  grams  of 
pyrazine* 

The  number  of  grams  of  II^(B-hydroxyethyl)  ethene  diamine  re- 
quired to  make  2.0  grams  of  pyrazine  is  then  subtracted  froo 
the  original  number  of  grams  of  N-(B-hydroxyethyl) ethene 
diamine  and  the  following  calculation  made  to  calculate  the 
theoretical  amount  of  piperazine* 

94.9         2.9  -  X       •  X  ^78*7  grams  theoretical  yield  of 
104.2 

piperazine* 

The  per-cent  yield  of  piperazine  is  obtained  by  the  follow- 
ing calcTilatiom  4.5  x  100  =-  6.0  per-cent  yield  of  pip- 
erazine. 
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3(c),    GROUP  OliE 


Catalyst  Ho.  1 
Introduction 

Hai^  publications  have  appeared  wlilch  state  that  the 
method  of  preparing  catalysts  Influence  the  catalytic  acti- 
vity of  the  catalyst.    The  catalyst  uned  In  the  followlns 
group  of  experiments  was  prepared  In  the  following  way; 

Sixty  grams  of  silicic  acid  Is  dissolved  In  100  ml, 
of  vara  saturated  l^droxlde.    The  resulting  sodlxxa  silicate 
solution  Is  then  filtered  on  a  Buehner  funnel  having  an 
asbestos  mat  to  remove  all  Insoluble  material.    The  result* 
Ing  sodlvaa  silicate  solution  Is  clear  and  transparent. 

One  hundred  grams  of  sodium  tungstate  Is  dissolved  in 
200  ml,  of  boiling  water.    The  hot  solution  of  sodium  tung- 
state is  then  poured  into  the  warm  solution  of  sodlvoi  sili- 
cate.   The  mixing  of  the  sodium  silicate-  sodliaa  tungstate 
solution  is  carried  out  by  means  of  an  electric  motor  stirr- 
er that  agitates  the  mixture  violently. 

The  resulting  mixture  is  acidified  with  2.0  normal 
nitric  acid  which  contains  0,1  per-cent  of  nickel  nitrate. 
The  acid  is  added  very  slowly  with  violent  agitation.  After 
each  addition  of  acid  the  mixture  is  agitated  until  the  coa- 
gulated material  Is  dissolved.    This  procedure  is  continued 
until  all  excess  alkali  is  neutralized. 

As  the  addition  of  acid  is  continued,  the  solution 


takes  on  a  yellow  color  which  masks  fche  blue-green  color  of 
the  dissolved  nickel  nitrate.    The  solution  beccaaes  more 
cloudy  as  the  addition  of  acid  is  continued  and  frequent  out- 
side indicator  tests  are  made  to  determine  the  point  at  which 
the  solution  becoiaes  acid.    At  the  point  when  the  solution 
becaaes  acid,  a  bright  violet  cast  appears  in  the  light  yel» 
low  opaque  solution,    A  snail  addition  of  excess  nitric  acid 
is  made  toramove  this  color  and  to  help  precipitate  the  gel 
that  is  formed.    At  this  point,  the  agitation  is  stopped 
and  the  precipitate  is  allowed  to  settle.    Throughout  the 
mixing  and  acidification,  no  heat  is  applied  to  the  reaction. 

The  precipitate  is  filtered  on  a  Buchner  funnel  and 
then  air  dried.    After  the  precipitate  Is  dried  to  constant 
weight  in  the  drying  oven  at  80**,  enough  nickel  palraetate 
is  addwi  to  make  a  5#0  per-cent  mixture.    The  mixture  is 
then  thoroughly  ground  in  a  stone  mortar.    The  moisture  is 
then  adjusted  to  1.0  per-cent  for  pelleting. 

The  catalyst  is  pelleted  at  1800  pounds  per  square 

inch. 

Observations 

An  excessive  amount  of  ethene  diamine  was  found  in 
•very  run  which  necessitated  the  extraction  of  the  pyrazine 
fraction  with  ether  to  remove  the  pyrazine  from  the  ethene 
diamine. 

Ratio  of  ethene  diamine  to  pyrazine; 
ethene  dianlnei    pyrazine::  0,5  g.:  1  g.      at  200®  and  50  laa. 
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ethene  diamine:    pyrazlno::  1,0  3.:    1  g.    at  300°  and  50  dbh, 
ethena  diamine:    pyrazlne::  1.2  g.:    1  g.    at  400°  and  50  mm. 
Other  products  were  foiroed  In  the  reaction.    These  pro- 
ducts were  acetaldehyde,  ethylamlne,  ethyl  amlnoethanol,  and 
ethanol, 

2,  4-dlnltrophenylhydrazone  of  acetaldehyde  M,p,  168,5° 

2,  4-dlnitrophenylhydrazone  of  aldehyde  In  re- 
action M.p,  1C8,5° 
mixed  melting  point  of  the  two  derivatives            M.p,  167°  - 

169° 

^7drochlorlde  of  ethylamlne  M.p,  108° 

This  melting  point  duplicates  the  melting  point  in  the  lit- 
erature • 

No  ethylamine  was  available  for  a  derivative. 

^drochloride  of  ethene  diamine  M.p.  325° (dec,) 

^drochloride  of  amine  from  reaction  M,p,  325°  (dec) 

Mixed  melting  point  of  the  two  derivatives       M.p,  325° (dec.) 

Gold  chloride  derivative  of  ethyl  amlnoethanol  M.p,127°(dec, ) 
Gold  chloride  derivative  of  alcohol  amine 

from  reaction  M.p,  127°(dec.) 

Mixed  melting  point  of  the  two  derivatives       M.p,  126®(dec,) 

Ethyl  N-(a-naphtl^l)  carbamate  M.p,  79° 
N-(a-naphtlTyl)  carbamate  of  alcohol  in  re- 
action M.p,  78° 
Mixed  melting  point  of  the  two  derivatives  M.p,  78  °-79° 


The  Spectrograph! c  Analysis  of  Catalyst  Ko,  1 


The  following  data  are  qualitative  analyses,  with 
only  rough  estimates  of  concentrations  present.    No  attempt 
was  made  to  get  quantitative  values.    Each  value  should  be 
Interpreted  as  indicating  only  an  order  or  magnitude  and 
may  be  in  error  by  a  factor  of  three  or  more. 

Non-detection  of  an  elonent  is  indicated  by  a  daah 
(—— ),  in  the  table.    This  does  not  necessarily  mean  that 
th«  element  is  absent  from  the  catalyst,  but  only  that, 
if  present,  it  occuirs  in  a  concentration  below  the  lower 
limit  of  detection, 

"N,A.''  Indicates  "no  analysis  was  run  fop  this 


element". 


>  indicates 


"greater  than", 
"much  greater  than"* 
"lass  than"* 


;>  indicates 


^  indicates 
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t Approximate 
: lower  limit 
:of  detection 

•  • 

•  • 

tCatalvst  Nq-  It 

Approximate 
lower  liait 
of  detection 

*  \ 

•  rid T  ir  e Mr*    1  • 

:  Tl 

0,1  % 

Al 

0,001  i 

:  t 
:      0,005     %  I 

:  sr 

0.0005 

Co 

0,001 

S  Ll 

0.001 

Hi 

0.001 

:  Rb 

0.05 

Ag 

0,0005 

:  K 

0,005 

Cu 

0,0005 

t  Ha 

x      0.2  s 

Cd 

0.01 

\     (4)  ! 

:  Ca 

Ti 

0,001 

:  Mg 

s      0.01  t 

Mo 

0.001 

:  Si 

Be 

0,001 

:  Ba 

0.0005 

«     n^ooi  « 

Bi 

0,01 

\    J 

t  Pe 

0,001 

I        O-l  t 

•          >»/•  A  I 

Sb 

0.05 

t  t 

:  V 

0.005 

As 

0,5 

t  I 

J  Y 

0.01 

Sn 

0.001 

:      N.A.  X 

:  Cr 

0,001 

!   (1)  1 

Pb 

0,001 

:      0,005  : 

:  Mn 

0,001 

!  (2)  ; 

Ge 

0.001 

«  w 

0.1 

:  »0.1  ; 
:  ; 

Im 

0.001 

Table  No,  I 


(1)  Tungsten  interferes  with  detection  of  chromium  but  the 
latter  element,  if  present  in  this  catalyst,  is  not  present 
in  quantity  much  more  than  0.001  por-cent, 

(2)  Manganese,  if  present  in  this  catalyst,  is  in  a  concen- 
tration less  than  0,005  per-cent. 
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(3)  The  presence  of  oob&lt  is  doubtful  In  this  catalyst.  If 
present,  it  is  in  coiacentration  less  than  0.001  j>er-cent, 

(4)  Vanadium  interferes  with  the  detection  of  cadmium.  The 
latter,  if  present  in  this  catalyst,  is  not  present  In  concen- 
tration greater  than  about  0,05  per-cent. 
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3(d),    GROUP  TWO 


Catalyst  No,  2-R 
Zatroduetion 

The  catalyst  used  In  these  experiments  was  prepared 
in  the  following  manner. 

Two  hundred  grams  of  silicic  acid  (2.081  moles)  vac 
added  to  133.2  grams  of  molybdic  acid  (0.322  moles).  The 
mixture  is  ground  together  In  a  mortar.    When  the  mixture 
was  thoroughly  ground  together,  16.0  grams  of  nickelous 
palmetate,  containing  6.0  per-cent  free  palmetic  acid,  was 
then  ground  into  the  mixture  in  a  stone  mortar.  Forty- 
three  and  one-half  grams  of  distilled  water  was  added  to 
make  the  correct  moisture  content  for  pelleting. 

The  catalyst  is  then  pelleted  at  1200  pounds  per 
square  inch. 

Observations 

The  catalyst  is  charred  to  a  4- 4  in  the  first  few  min- 
o 

utes  of  the  200    run  at  50  mm,  pressure.    It  was  necessary 

o 

to  calcine  the  catalyst  for  48  to  72  hours  at  400  between 
each  run  to  remove  the  carbon  tram,  the  catalyst. 

Ammonia  with  ethylamine  is  given  off  rapidly  for  the 
first  few  minutes  of  each  run,  until  a  black  deposit  forms 
on  the  catalyst, 

Ethene  diamine  is  found  in  large  amounts  in  every  run. 
This  necessitated  the  extraction  of  the  pyrazine  fraction 
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with  ether  to  separate  the  pjrazine  from  the  ethene  diamine* 

Ratio  of  ethene  diaiaine  to  pyrazine; 
ethene  diamine:    pyrazl.ie::  2:1       at  200**  and  50  ram, 
ethene  diamine:    pyrazine::  2:1       at  500^  and  50  mm* 
ethene  diamine:    pyrazine::  2:1       at  400^  and  50  mm* 

Other  products  found  in  the  reacted  mixture  are: 
acetaldehyde,  ethyl  amlnoethanol,  ethylamine.    These  products 
were  identified  by  the  same  derivatives  used  in  the  identi- 
fication of  these  products  in  group  one^ 

Speotrographic  Analysis  of  Catalyst  ^^o,  2-R 
The  following  data  are  qualitative  analyses,  with  only 
rough  estimations  of  concentrations  present.    Ho  attempt  was 
made  to  get  quantitative  values.    Each  value  should  be  inter- 
preted as  indicating  only  an  order  of  magnitude,  and  may  be 
in  error  by  a  factor  of  three  or  more. 

iJon-detection  of  an  element  is  indicated  by  a  dash 
)•  in  the  Table  IV,    This  does  not  necessarily  mean  that 
the  element  was  absent  from  the  catalyst,  but  only  that,  if 
present,  it  oocurrs  in  a  concentration  below  the  lower  limit 
of  detection. .  Values  for  the  approximate  lower  limit  of  de- 
tection are  given  for  each  element  in  the  Table  IV. 

"N.A."  indicates  "no  analysis  was  run  for  this  element", 
>    indicates  "greater  than", 

indicates  "much  greater  than", 
<  Indicates  "less  than". 
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: Approximate 
:of  detection 

:  Catalyst  No«3-R 

• 
• 

: Approximate 
: lower  limit 
:of  detection 

• 
• 

: 

• 
• 

:  Catalyst  ^o^f-H 

• 
• 

• 
• 

:  Tl    0,1  % 

a' 

• 

:  Al 

0.001  ; 

i 

u 

: 

:  Co 

0.001 

X 

• 
• 

(1)  \ 

:  Ni 

0-001 

• 
• 

• 
• 

^  V./.X  ] 

I  Ho  u«uo 

:  Ag 

0.0005 

• 
• 

:  : 
i                       :  Cu 

0.0005 

• 
• 

• 
• 

(2)  ; 

:  Na 

0.01 

:  Cd 

0.01 

• 
• 

t 

(3)  ! 

I  1 

\      0,05            :  Ti 
1      0.01            :  Mo 

0.001 

• 
• 

• 
■ 

0.01  1 

I   Hg  J 

0.001 

t 

s 

»0.1  1 

:  (5) 

\  Be 

0.001 

* 
• 

t 
• 

\  Bi 

0.01 

• 
• 

• 
• 

f4^  1 
V*/  * 

!   Fa     0«CX}1  ] 

0.1 

Sb 

0.05 

t 

:  V     0.005  i 

As 

0.5 

* 
• 

• 
• 

N.A.  1 

:  Y     0.01  ! 

Sn 

0.001 

• 
• 

• 
• 

N,A,  1 

:  Cr    0.001  1 

<  0.001  1 

Pb 

0.001 

t 

• 

• 

0.001  t 

1  Mn    0.001  i 

J 

Ge 

0.001 

: 
: 

t  W     0.1  1 

: 

• 
• 

In 

0.001 

• 
• 

: 

« 
• 

t 

Table  No.  IV 


(1)  The  presence  of  cobalt  in  this  catalyst  is  doubtful. 

If  present,  it  is  in  concentration  less  than  0.001  per-cent, 

(2)  Molybdenum  interferes  with  detection  of  traces  of  copper. 
The  latter,  if  present  in  triis  catalyst,  is  not  present  in 
concentration  greater  than  about  0.001  per-cent. 
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(3)  Vanadium  interferes  with  detection  of  cadmium.  The 
latter.  If  present  in  tills  catalyst.  Is  not  present  in  con- 
centration greater  than  0«CX)1  per-cent,  if  it  is  present  at 
all. 

(4)  Molybdeniaa  interferes  with  detection  of  bismuth.  The 
latter.  Is  present  in  this  catalyst,  is  not  present  in  a 
concentration  much  greater  than  0.01  per-cent. 

(6)    Standards  were  not  available  for  making  estimates  of 
the  silicon  content  of  this  catalyst.    It  appeared  that  this 
catalyst  probably  contained  more  tiian  1  per-cent  of  silicon, 
possibly  soBiewiiere  in  the  range  froai  5  per-cent  to  30  per- 
cent. 
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S{e).     GROUP  THREE 


Catalyst  No.  3 
Introduction 

The  catalyst  used  in  these  experiments  was  obtained 
from  the  Harshaw  Choalcal  Company,  Cleveland,  Ohio.    It  is 
described  ae  Mo-146,  l/S"  tablets. 

A  spectrograplilc  analysis  was  run  on  this  catalyst. 
The  interpretations  Of  these  analyses  is  subject  to  the 
same  liialtations  for  a  spectrographlc  analysis  as  found  in 
group  one  and  two. 

Observations 

The  main  by-products  found  in  the  reacted  mixture  are: 
ethene  diamine,  etl^l  amlnoethanol,  and  acetaldehyde.  Ethene 
diamine  is  found  in  every  run  in  the  pyrazine  fraction  which 
necessitated  the  extraction  of  the  pyrazine  fraction  with 
ether  to  separate  the  pyrazine  from  the  ethene  diamine. 

The  catalyst  was  found  to  carbonize  readily  at  tempera- 
tures from  200**  to  400°  at  50  ram.  pressure.    This  condition 
necessitated  that  the  catalyst  be  recalclned  for  72.0  hours 
at  400**  between  each  run. 

Ratio  of  ethene  diamine  to  pyrazine; 
ethene  diamine:    pyrazine::    0.25:     1      at  200**  and  50  ran. 
ethene  diamine:    pyrazine::    1.0  :    1      at  300°  and  50  mm. 
ethene  diamine:    pyrazine::    1.2  :    1     at  400°  end  50  mm. 

The  by-products  were  identified  by  the  same  derivatives 
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as  used  In  group  one. 


Spectrograph! c  Analyses  of  Catalyst  No,  3 


Approximate 
lower  limit 
of  detection 


Catalyst  No,  5 


Approximate 
lower  limit 
of  detection 


Catalyst  No,  3 
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0.001 
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(3) 


0.001 
»  0.1 


Table  No,  VIX 


(1)  Possible  interference  by  molybdenum  renders  the  identi* 
fi cation  of  litialum  uncertain  in  tiiis  catalyst.  Lithium 
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appears  to  be  present,  but  Its  concentration  is  certainly 
not  in  excess  of  0.005  per-cent. 

(2)  Standards  were  not  available  for  making  estimates  of  the 
silicon  content  of  this  catalyst.     It  appeared  that  this 
catalyst  probably  contained  more  than  1.0  per-cent  of  sili- 
con, althoush  possibly  somewhere  In  the  range  from  5.0  to 
30.0  per-cent. 

(3)  Molybdenum  Interferes  with  detection  of  traces  of  copper. 
The  latter,  if  present  In  this  catalyst,  is  not  present  in 
concentration  greater  than  about  0.001  per-cent. 
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3(f),     GROUP  POUR 
Catalyst  No.  4 
Introduction 

The  catalyst  used  In  these  experiments  was  obtained 
from  VVllkens-Anderson  Company,  Chicago,  111,    It  is  des- 
cribed as  nickel  pellet  catalyst  (U.O.P,),    This  catalyst 
Is  calcined,  at  the  twaperature  at  which  It  is  to  be  used, 
with  hot  air.    The  catalyst  was  recalcined  for  48  hours 
between  each  run.    No  spectrographlc  analysis  was  made  on 
this  catalyst. 

Observations 

Ethene  diamine  Is  found  in  each  pyrazine  fraction 
which  necessitates  an  ether  extraction  to  remove  the  pyra- 
zine from  the  ethene  diamine. 

Ratio  of  ethene  diamine  to  pyrazine; 
ethene  diamine:    pyrazine::    1,2;    1         at  200**  at  50  ram, 
ethene  diamine:    pyrazine::    1,4:     1         at  300**  at  50  nsn, 
ethene  diamine:    pyrazine::    1.6:    1         at  400°  at  50  mm. 

In  the  last  two  runs  (No,  9  and  10),  there  was  an 
excessive  amount  of  non-condensable  gases  given  off  by  the 
reaction.     In  both  of  these  runs  over  half  of  the  reacted 
material  was  lost  as  none ondens able  material,  due  to  decom- 
position of  the  starting  material,  N-(B-iTydroxyethyl) ethene 
diamine. 

When  the  tenth  run  was  completed,  the  catalyst  pellets 


99. 


were  entirely  broken  domi  to  black  powder  and  the  reaction 
tube  was  found  to  be  stopped  up  with  charcoal  suid  powdered 
catalyst. 

Other  by-products  obtained  with  this  catalyst,  are: 
ethyl  amlnoethanol,  ethanol  aiaine  and  traces  of  acetalde- 
hyde.    These  products  were  Identified  by  the  same  deri- 
vatives as  used  in  group  one. 
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3(g).     GROUP  FIVE 
Catalyst  No,  5 
Introduction 

The  catalyst  used  in  these  experiments  is  exploded 
vermlcullte  obtained  from  packing  surrounding  bromine 
bottles, 

A  speotrographic  analysis  was  run  on  this  catalyst. 
The  interpretations  of  these  analyses  is  subject  to  the 
same  limitations  for  a  spectrocraphic  analysis  as  found  in 
group  one. 

Observations 

o 

At  200    there  is  only  slight  charring  of  the  catalyst 
whereas  most  of  the  surface  is  covered  with  carbon  at  300®, 
Vifhen  the  charred  catalyst  is  removed,  from  the  reaction  tube, 
several  hours  of  blasting  with  a  Bunsen  burner  is  required 
to  remove  the  carbon. 

The  catalyst  was  recalcined  for  43  hours,  at  the  tem- 
perature at  which  is  was  to  be  used,  between  each  run, 

Ethone  diamine  was  found  in  eveiy  pyrazine  fraction 
which  necessitated  the  extraction  of  the  pyraslne  fraction 
with  ether  to  separate  the  pyrazine  from  the  ethene  diamine. 

Ratio  of  ethene  diamine  to  pyrazine; 
etliene  diamine:    pyrazine::    0,5:     1       at  200**  and  50  mm, 
etliene  diamine:    pyrazine::    0,8:    1       at  300®  and  50  naa, 
ethene  diamine:    pyrazine: :     1,0:     1       at  400°  and  50  ram. 
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other  by-products  formed  In  the  reaction  are: 
acetaldel^de,  ©tliyl  anlnoethanol,  and  ethanol  amine.  These 
by-products  were  Identified  by  the  sarae  derivatives  used  in 
group  one. 

Spectrographio  Analyses  for  Catalyst  No,  5 
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3(h),    GROUP  SIX 
Catalyst  No,  6 
Introduction 

The  catalyst  used  In  these  experiments  was  obtained 
from  the  Davison  Chfflaical  Corporation,  Baltimore,  Maryland, 
It  is  described  as  0,25  por-cent  platinum  on  silica  gel. 
The  catalyst  was  calcined  at  the  temperature  at  which  it  was 
to  be  used,  with  hot  air  in  the  reaction  tube, 

A  spectrographic  analysis  was  run  on  this  catalyst. 
The  interpretations  of  these  analyses  is  subject  to  the  same 
limitations  for  a  spectrographic  analysis  as  found  in  group 
one. 

Observations 

In  the  nms  at  200^  and  50  aim,  pressure,  very  little 
ethene  diamine  was  found  in  the  pyrazine  fraction.  Vary 
little  acetaldehyde  was  found  in  the  ternary  benzene-ethanol 
water  azeotrope.    The  same  products,  ethene  diamine  and 
acetaldehyde  were  found  in  about  the  same  proportion  in  the 
300^  runs  at  50  mm.  pressure.    About  twice  as  much  ethene 
diamine  was  found  in  the  runs  at  400*^  and  50  mm.  pressure. 
In  the  runs  at  400°  and  100  mm,  pressure  there  were  consider 
ably  larger  amounts  of  ethene  diamine  found  in  the  pyrazine 
fraction  but  the  yield  of  acetaldehyde  decreased  as  the 
pressure  was  increased. 
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Ratio  of  ethene  diamine  to  pyrazine; 

ethene  diamine:    pyrazine;:    0.1:      1      at  200^  and  50  mm, 

o 

ethene  diariilne:    pyrazine::    0.1:      1     at  300    and  50  mra, 

o 

ethene  diamine:    pyrazine::    0,2:      1     at  400    and  50  ma. 
Very  small  amounts  of  etiianol  amine  and  ethyl  amino- 
ethanol  were  fonned  in  the  400°  rune  at  50,  100  and  200 
■Oft*  pressure. 

There  was  practically  no  charring  in  the  reaction 
tube  below  400°.    At  400°  there  appeared  noticeable  amounts 
of  carbon  on  the  surface  of  the  catalyst  and  on  the  re- 
action tube. 
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Spectrographlc  Analyses  of  Catalyst  No.  6 


tApproximate 
: lower  limit 
:of  detection 

{Catalyst  Ko. 
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t 

:  t 
; Catalyst  No.  6x 

:T1 

0.1  % 

• 

^:A1 

0.001  % 

\      0.002  %\ 

:Sr 

0.0005 

:Co 

0.001     :  • 

:L1 

0»001  ! 

• 

tNi 

0.001 

I  X 

:Rb 

0.05  ! 

• 
• 

:As 

0.0005  ! 

sK 

0.005  ! 

:Ca 

0.0005  i 

!      0.0005  \ 

•.Na 

:  0.01 

X 

:Cd 

0.01       :  t 

:Ca 

t 

:  0.05 

X 

:Ti 

•  * 

0.001      \      0.01      •  1 

lug 

• 

t    <:  0.005 

s 

;Mo 

t  1 
0.001      X  t 

:S1 

\  (1) 

« 

:Be 

«  • 

0.001      :  i 

:Ba 

• 

0.0005  : 

X 

:Bi 

0.01  < 

:Pe 

J 

0.001  ! 

',  0.01 

t 

xSb 

0.05  « 

:V 

0.005 

: 

xAs 

0.50  ! 

0.01  i 

• 
• 

:Sn 

0.001  ! 

:Cr 

0,001  i 

t 

:Pb 
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:  s 
0.001      X  X 
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• 
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t  X 

Table  No.  XVI 


(1)    Standards  were  not  available  for  making  estimates  of  tha 
silicon  content  of  tiiis  catalyst.     It  appeared  that  this  cat- 
alyst  probably  contains  more  than  1,0  per-cent  of  silicon,  pos- 
sibly somewhere  in  the  range  frcaai  5,0  per-cent  to  30.0  per-cent. 
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1  p.p. 


3(1).     GROUP  SEVEN 


Catalyst  No,  7 
Introduction 

The  catalyst  used  In  those  experiments  was  obtained 
from  the  American  Cyanamld  and  Cheraloal  Corporation,  This 
catalyst  Is  described  as  vanadium  catalyst  which  Is  used 
In  contact  sulfuric  ecld  manufacture. 

A  spectrographlc  analysis  was  run  on  this  catalyst. 
The  Interpretation  of  these  analyses  are  subject  to  the 
same  limitations  for  a  spectrographlc  analysis,  as  found  In 
group  one. 

Observations 

At  the  beginning  of  each  run,  the  catalyst  appeared 
to  be  reduced  and  then  a  black  film  began  to  form  on  the 
catalyst, 

Ethene  diamine,  ethanol  amine,  and  ethyl  amlnoetlianol 

o         o  o 
are  formed  at  200  ,  300    and  400    at  50  mm.  pressure.  The 

presence  of  ethene  diamine  In  the  pyrazlne  fraction  necessi- 
tated the  extraction  of  the  pyrazlne  fraction  with  ether  to 
remove  the  pyrazlne  from  the  ethene  diamine. 
Ratio  of  ethene  diamine  to  pyrazlne; 

o 

ethene  diamine:  pyrazlne::  0,7:  1  at  200  and  50  mm, 
ethene  diamine:  pyrazlne: :  0,5:  1  at  300**  and  50  mm, 
ethene  diamine:    pyrazlne::    0,4:      1       at  400**  and  50  asa. 
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Spectrographlc  Analyses  of  Catalyst  No,  7 


i                                                     •  < 

: Approximate    :  ; 
: lower  limit    : Catalyst  Ko.  Vs 
:of  detection  t  s 

•                                                     «  * 

Approximate  : 
lower  limit  \ 
of  detection  t 

Catalyst  No, 
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0.02  1 

Co 

0.001  ! 

0.002 

:Li 

0.001  J 

i 

0.005  :Ag 
iCu 

• 

0.0005  : 

• 

iRb 

0.05  : 

0.0005      1  0.0005 

iK 

0.005  - 

!     >1.0  :Cd 

0.01         :  (2) 

:Na 

5          1.0  ' 

!Ti 

0.001 

!  0.02 

:Ca 

;  0,5 

;Mo 

0.001 

:Mg 

0.1 

'se 

0.001 

:S1 

\  (1) 

Ibi 

0.01 

:Ba 

0.0005 

! 

!  0.005 

tSb 

0.05 

t 

:Pe 

0.001 

t  >0.1 

(As 

0.5 

:v 

0.005 

I 

!  »0.1 

iSn 

0.001 

!Y 

0.01 

tPb 

0.001 

:Cr 

0.001 

!  0.2 

iQe 

0.001 

ilJSn 
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t 
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0,001 

tW 

;N1 

Table  No,  XX 


(1)    Standards  were  not  available  for  making  estimates  of  the 
silicon  content  of  this  catalyst.    It  appeared  that  this 
catalyst  probably  contains  more  than  1,0  per-cent  of  silicon, 
possibly  somewhere  in  the  range  from  5,0  per-cent  to  30.0  per- 
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cent. 

(2)    Vanadiim  Interferes  with  detection  of  cadmlvmi.  The 
latter y  If  present  in  this  catalyst,  is  not  present  in 
concentration  greater  than  about  0,05  per-cent. 
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S(J).     GROUP  EIGHT 
Catalyst  No,  8 
Introduction 

The  catalyst  used  in  these  experiments  was  obtained 
from  the  Will  Corporation,  Roctxester,  New  York,    It  is 
described  as  5,0  per-cent  platinized  asbestos, 

Thlt  catalyst  was  calcined  with  hot  air,  at  the  tmap- 
erature  at  which  it  was  to  be  used,  for  48  hours.  The  cat- 
alyst was  recalcined  for  48  hours  between  each  run. 

High  space  velocities  with  this  catalyst,  as  compared 

with  other  catalysts  used,  are  due  to  the  small  volume  of 

catalyst  used  in  these  experiments.    Ho  spectrograpaic 

analyses  were  run  on  this  catalyst, 

?  Observations 

The  charring  of  this  catalyst  is  doubtful  at  200*^  and 

o  o 

50  ima.  whereas  at  300    and  400    at  50  mm,  the  charring  is 
noticeable, 

Ethene  diamine  was  found  in  every  pyrazine  fraction 
which  necessitated  the  extraction  of  the  pyrazine  fraction 
with  ether  to  remove  the  pyrazine  from  the  ethene  diamine. 

Ratio  of  ethene  diamine  to  pyrazine; 
ethene  diamine:    pyrazine::    1,9:      1       at  200*^  and  50  mm, 
ethene  diamine:    pyrazine::     1.4:      1       at  300°  and  50  mm, 
ethene  diamine:    pyrazine::    1.2:      1       at  400°  and  50  mm, 

A  fraction  boiling  at  162**  to  165°  was  foxind  in  each 
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run.    The  quantity  of  material  in  tliis  fraction  increased 

with  the  temperature  of  the  experiment.    This  material  was 

found  to  consist  of  N-(B-hydroxyetl^l)ethene  diamine, 

piperazine  and  an  aldehyde  of  unknown  identity.    The  2, 

4-dinitrophenylhydrazone  derivative  of  the  aldeliyde  has  a 

o  o 

melting  point  of  108    to  109  •    This  aldeliyde  was  not 
isolated  in  pure  fona. 

Other  by-products  found  in  these  experiments  are; 
ethanol  amine  and  ethyl  oralnoethanol  which  were  identified 
by  the  same  derivatives  as  in  group  one* 
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4.     SUMMARY  OP  EXPERII.IENTAL 


Berkman  (21a)  points  out  the  fact  that  when  per-cent 
yield  Is  plotted  against  the  reciprocal  of  Space  Velocity, 
the  equilibrium  is  shifted  to  the  right  with  increased 
temperature.    It  was  found  that  dehydrogenation  was  acceler- 
ated at  the  same  contact  time  by  either  an  increase  in  temp- 
erature or  a  decrease  in  pressure.    This  was  found  to  be 
generally  true  in  the  present  investigation.     Ipatieff  (116a), 
however,  disagrees  with  the  data  of  Berkman  in  his  dehydro- 
genation experiments  and  quotes  the  conclusions  of  Palmer  and 
Constable  as  follows:     "The  velocitj^  of  hydrogen  liberation 
depends  neither  upon  the  velocity  at  which  the  substance  is 
passed  through  the  catalyst  nor  upon  the  pressure". 

The  experimental  work  carried  out  in  these  investi- 
gations involves  the  simultaneous  del^drogenation  of  N-(B- 
hydroxyeti:iyl)etaene  diamine.     It  was  found  in  most  cases  that, 
as  the  temperature  is  increased,  the  dehydration  reaction  is 
more  predominant  with  only  slight  increase  in  the  dehydro- 
genation reaction. 

In  several  cases,  the  yield  of  the  dehydrogenation  re- 
action was  found  to  be  less  at  higher  temperatures  than  it 
was  at  lower  temperatures.    Where  tills  condition  existed, 
there  was  always  noticeable  carbon  formation  on  the  catalyst. 
Berkman  (21a)  shows  that,  in  the  dehydrogenation  of  olefins, 
carbon  formation  is  considerably  higher  than  in  the  dehydro- 
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genation  of  parafllns.     It  ia  pointed  out  by  Berkman  that 
the  carbon  formation  Is  favored  by  keeping  the  reaction 
products  too  long  In  contact  with  the  catalyst,  and  converse- 
ly, can  be  minimiEied  by  operating  at  higher  Space  Velocities, 
The  reason  for  decreased  yields  of  the  dehydrogenatlon  pro- 
ducts in  this  Investigation  appears  to  be  due  largely  to  the 
fact  that  some  of  the  partially  dehydrogenated  reaction  pro- 
ducts may  be  in  contact  with  the  catalyst  for  too  long  a  time. 

In  the  aeries  of  investigations  using  catalyst  No.  1., 
it  was  found  that  there  was  a  slight  increase  of  the  dehydro- 
genatlon product,  pyrazine,  and  practically  none  of  the  dei^- 
dration  product,  piperazine,  when  the  temperature  was  in- 
creased from  200**  to  300°.    However,  when  the  temperature 
was  raised  to  400°,  the  dehydrogenatlon  product,  pyrazine, 
decreased  and  a  noticeable  Increase  of  piperazine  appeared. 
The  yield  of  dehydrogenated  product  dropped  back  to  approxi- 
mately the  yields  obtained  at  200°  when  the  reaction  was 

o 

carried  out  at  400    and  50  nan.  pressure.    The  results  of 
this  series  of  experiments  are  clearly  shown  In  Tables  II 
and  III. 

Catalyst  No,  2-R  la  unsatisfactory  for  general  use  be- 
cause of  excessive  carbon  formation  on  the  catalyst.  The 
yield  of  the  dehydrogenatlon  product,  pyrazine,  at  200°  was 
as  good  as  with  catalyst  No.  1.,  whereas  the  yield  of  pyrazine 
at  300°  was  approximately  a  third  greater  than  was  found  with 
catalyst  No,  1.    The  yields  of  the  deiQrdratlon  product. 
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piperazine,  were  in  slightly  larger  amounts  tiaan  was  found 
with  catalyst  No.  1.    The  yields  of  piperazine,  however, 
were  so  small  that  an  Increase  in  temperature  from  200**  to 
300°  produced  a  negligible  effect.    With  this  catalyst,  the 
same  phenomena  appeared  as  with  catalyst  No,  1.    When  the 
reaction  tube  was  operated  at  400**  the  yields  of  pyraaine 
dropped  below  those  found  at  300°  and  the  yields  of  pipera- 
zine materially  increased  to  slightly  greater  than  the 
yields  of  pyrazine.    In  this  case  the  yield  of  piperazine 
was  less  than  those  found  for  catalyst  No.  1  at  the  same 
Space  Velocities.     In  general,  catalyst  No.  2-R  is  infer- 
ior to  catalyst  No.  1,  because  of  lower  yields  of  the  da- 
sired  products,  pyrazine  and  piperazine  and  the  presence 
of  excessive  amounts  of  carbon  on  tlrxe  catalytic  surfaces. 

In  the  series  of  experiments  carried  out  with  catalyst 
No.  3.,  the  curves  obtained  by  plotting  Space  Velocity 
against  per-cent  yield  did  not  show  a  consistency  of  shape 
as  was  found  with  curves  obtained  In  the  experiments  with 
catalyst  No.  1  and  catalyst  No.  2-R.    The  curve  obtained 
with  catalyst  No.  3  at  200®  and  50  mm.  pressure  showed  a 
rapid  increase  in  yield  of  the  dehydrogenatlon  product, 
pyrazine,  with  decreasing  Space  Velocity.    There  was  very 
little  dehydration  product,  piperazine,  formed  at  200°. 
When  the  temperature  was  Increased  to  300°,  a  very  marked 
Increase  of  carbon  was  deposited  on  the  catalytic  surface. 
The  shape  of  the  curve  at  30CP  showed  a  close  resemblance 
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to  the  curves  of  catalyst  No,  1  and  No,  2-R  at  300  .  The 
yields  of  both  pyrazine  and  plperazlne  were  less  than  the 
yields  obtained  with  catalysts  No.  1  and  No.  2-R  at  200® 
and  300  ,    However,  at  400    the  yields  of  pyrazine  and 
plperazine  with  catalyst  No.  3  approached  the  yields  ob- 
tained with  catalyst  No.land  No.  2-R.    Catalyst  No.  3 
and  catalyst  No.  2-R  are  both  considered  inferior  to 
catalyst  No.  1  frcaa  the  standpoint  of  yields  of  pyrazine 
and  piperazine.    Catalyst  No,  4  gave  higher  yields  of 
pyrazine  at  higher  Space  Velocities  than  catalyst  No.  3 
but  much  less  than  the  yields  obtained  with  catalyst  No. 

1  end  No.  2-R  at  corresponding  Space  Velocities  at  200®. 

o  o 

The  yields  of  pyrazine  at  500    and  400    were  far  below  the 
yields  of  pyrazine  obtained  with  catalyst  No.  1,  No,  2-R, 
and  No.  3,  at  the  corresponding  temperatures  and  Space 
Velocities. 

In  the  experiments  with  catalyst  No.  4  at  500®,  the 

yields  of  piperazine  were  below  the  yields  of  pyrazine 
o 

whereas  at  400    the  yields  of  piperazine  appeared  to  be 
higher  than  tae  yields  of  pyrazine.    There  was  a  large 
volume  of  non- condensable  gases  at  a  Space  Velocity  of 
0.31  at  400®  and  the  yields  of  pyrazine  and  piperazine 
were  reduced  below  the  yields  of  pyrazine  and  piperazine 
obtained  at  a  Space  Velocity  of  0*75  and  400®.    The  reduced 
yield  was  probably  due  to  the  fact  that  the  reaction  pro- 
ducts were  in  contact  with  the  catalyst  for  too  long  a 


139. 


period  of  time  nfelch  led  to  excessive  deconpositlon. 

Catalyst  No,  5  Is  superior  to  catalysts  No,  3  and 
No,  4  and  Inferior  to  catalysts  No,  1  and  No,  2-R  from 
the  standpoint  of  yields  of  pyrazlne  at  similar  Space  Velo- 
cities aJid  temperatures,    When  the  temperature  was  increased, 
the  curve  represented  by  Space  Velocity  vs,  per  cent  yield 
was  shifted  to  the  right  as  predicted  by  Berkman  (21a), 
The  dehydrogenatlon  product,  pyrazlne,  was  the  main  reaction 
product  derived  from  these  experiments.    The  dehydration 
product,  piperazlne,  was  always  found  in  very  small  amounts. 
The  largest  yield  of  piperazlne,  1.4  per-cent,  was  obtained 
at  a  Space  Velocity  of  0#14, 

A  series  of  experiments  was  carried  out  with  catalyst 
Ho,  6,    This  catalyst  was  found  to  be  superior  to  all  of  the 
other  catalysts  used  in  these  series  of  investigations.  The 
prediction  of  Berkman,  tlriat  the  curve  would  shift  to  the 
right  on  Increased  temperature,  was  found  to  hold  up  to 
400°  and  100  mm.  pressure.    At  200°  and  50  mm,  pressure,  the 
yields  of  the  hydrogenation  product,  pyrazlne,  were  lower 
than  found  with  the  other  catalysts,  namely  numbers  1,  2-R, 
3,  4,  and  5,    The  yields  of  the  del^drogsnation  product, 
piperazlne,  were  practically  negligible  at  200°  and  50  mm, 
pressure.    At  300°  and  50  mm,  pressure,  the  yields  of  py- 
razlne were  approximately  four  times  greater  than  those 
obtained  at  200°  and  50  mm,  pressure  and  the  yields  of  pip- 
erazlne were  slightly  greater  than  the  yields  of  pyrazlne. 
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This  shows  that  as  the  temperature  Is  increased  and  the 
pressure  held  coiastant,  the  dehydration  reaction  pre- 
dominates over  the  dehydrogenation  reaction,    V/hen  the 
experiments  were  carried  out  at  400°  and  50  na,  pressure, 
the  yields  of  the  debydi-o^^enation  product,  pyrazine,  in- 
creased very  little;  whereas  the  yields  of  the  dehydration 
product,  piperaziiie,  increased  approximately  three  times 
as  much  as  was  found  at  300**  and  50  mm,  pressure.  There 
was  very  little  carbon  deposited  on  the  catalytic  surfaces 
during  the  runs  at  400**  and  50  mm,  pressure.    The  serle* 
of  experiments  carried  out  at  50  mn,  pressure  confirmed  the 
predictions  of  Berkman  time  dehydro^enation  is  increased 
with  increased  temperature. 

In  order  to  get  further  evidence,  tiie  temperature  was 

a  O 

maintained  at  400    and  the  pressure  was  Increesed.    At  400 

and  100  imn.  pressure,  the  yields  of  pyrazine  were  decreased 
and  the  yields  of  piperazine  were  slowly  increased  with 
very  little  evidence  of  charring.    The  increase  in  pressure 
to  100  am,  caused  a  slight  change  in  the  shape  of  the  curve, 
a  slight  reduction  in  yields  of  the  dehydrogenation  product, 
and  an  increase  In  yields  of  the  dehydration  product.  When 
the  temperature  was  maintained  at  400^  and  the  pressure 
changed  to  200  am,,  the  shape  of  the  curve  was  changed  again 
and  there  was  a  noticeable  decrease  in  the  dehydration  yields 
that  closely  approached  the  yields  of  the  dehydrogenation 
product. 
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A  series  of  experiments  was  run  on  catalyst  No,  7  at 
50  mm.  pressure.    In  all  of  these  experiments  the  per-cent 
yield  of  the  dehydration  product,  piperazine,  was  negli- 
gible.   This  catalyst  Is  inferior  to  catalysts  Ho.  1,  No, 
2-R,  No.  3,  No.  4,  No.  5,  and  Nj,  6,    The  yields  of  pyrasine 
Increased  slightly  when  the  teciperature  was  Increased  froa 
100**  to  200°  at  50  mm,  pressure.    When  the  temperature  was 
Increased  to  400°  at  50  mm,  the  yields  of  pyrazlne  decreased 
below  the  yields  obtained  at  200°  and  300°,    There  was  an 
excessive  amovmt  of  carbon  deposited  on  the  catalytic  sur- 
faces at  400°,    The  reason  for  this  decrease  In  yields  of 
pyrazlne  could  be  explained  by  the  prolonged  contact  between 
the  reaction  products  and  the  catalyst. 

In  the  series  of  experiments  Investigated  with  catalyst 
Ho,  3,  It  was  found  that  the  per-cent  yields  of  pyrazlne  were 
below  the  per-cent  yields  obtained  v/ith  tlm  other  catalysts 
Investigated,    With  this  catalyst,  there  appeared  to  be  more 
molecular  fission  and  side  reactions  than  occurred  with  the 
other  seven  catalysts.    This  catalyst  is  definitely  Inferior 
as  a  catalyst  for  ring  formation  by  dehydration  of  N-(3- 
l:]^rdroxyeti^l)ethene  diamine  and  subsequent  dehjT^drogenatlon 
of  the  ring  compound. 
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5,  CONCLUSION 


Apparatus  was  designed  and  constructed  which  per» 
mitted  positive  control  of  vapor  velocities  and  heating  of 
the  catalyst  Tor  vapor-phase  reaction  studies  at  normal 
and  reduced  pressures. 

Eight  catalysts  were  studied  to  detemine  the  per-cent 
yields  of  two  heterocyclic  ring  cotapounds  that  could  be  ob- 
tained with  these  catalysts. 

It  was  found  that  catalyst  No,  6  was  the  best  catalyst 
for  the  ring  closure  of  N-(B-hydroxyethyl)ethene  diamine  to 
give  piperazine  and  simultaneous  dehydrogenation  of  plpera- 
zine  to  give  pyrazine.    A  yield  of  23  per-cent  piperazine 
and  8  per-cent  pyrazine  was  obtained  with  this  catalyst. 

The  highest  yield  of  pyrazine,  10  per-cent,  was  ob- 
tained with  catalyst  No,  5, 

Three  control  runs  were  made  in  the  apparatus  without 

a  catalyst,    A  run  at  200°  and  50  mm,  pressure  at  a  Space 

Velocity  of  0,14  was  made  and  no  pyrazine  or  piperazine  was 

o  o 

obtained.    Similarly  rune  were  made  at  300    and  400    at  50 
ram,  pressure  at  Space  Velocity  of  0,2  and  0,25  respectively. 
No  pyrazine  or  piperazine  was  obtained  in  these  experimental 
runs. 
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